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Components of a Complete Vision Program 


FRANKLIN M. FOOTE, M.D., New York 


At one time industrial vision programs 
were urged almost entirely for the purpose 
of reducing eye injuries and thereby saving 
eyesight, saving compensation costs, and 
earning the benefit of a lowered insurance 
rate. Important as these considerations are, 
we today recognize others that are of keen 
interest both to management and to the 
worker. Some of these are (1) better place- 
ment of the worker on critical seeing jobs in 
line with his visual skills; (2) detection of 
eye defects and disease so that the best pos- 
sible correction and treatment can be ob- 
tained; (3) decreased absenteeism, improved 
employee morale; (4) decreased wastage of 
materials, and (5) increased production, 
which of course is the aim of any industry, 
big or small. 

Advantages such as these can be achieved 
only when we use every opportunity to pro- 
vide as complete and practical an industrial 
eye program as we can in the light of curreut 
scientific knowledge. 

There are six basic points which experi- 
ence shows need to be kept in mind in order 
to get these desired results. These compo- 
nents of a complete vision program are as 
follows : 

1. Testing for the five fundamental visual 
skills and screening for eye disease. The 
basic visual skills important in industry are 
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central visual acuity at distance and near, 
and sometimes for an intermediate point if 
needed for the work distance; muscle bal- 
ance and coordination of the two eyes; depth 
perception and color discrimination. Not all 
of these skills may be needed on every job, 
but tests for each of them need to be done 
on some employees in nearly every plant. 
As a minimum, all employees should have 
periodic acuity tests at distance and near 
and ophthalmoscopic examination for pos- 
sible eye disease and ocular manifestation of 
general systemic disease. This part of the 
program particularly needs planning, in co- 
operation with an ophthalmic consultant. 
Making arrangements for proper handling 
of referrals for further eye examination 
and for provision of glasses when indicated 
will require smooth liaison with local oph- 
thalmologists, opticians, and optometrists. 

2. Analysis of jobs for visual factors. 
When the visual requirements of the various 
jobs are known, each employee can be placed 
where his eyesight skills can be used best. 
Some jobs can be done by a totally blind 
man or woman. In fact, it has been said 
that on some jobs they do better than a 
seeing person because of lack of distraction. 
However, most jobs require vision and some 
require a high degree of acuity and of ocular 
coordination. Job analysis is a cooperative 
undertaking in which plant physicians, pro- 
fessional eye men, engineer, and supervisor 
each may make a contribution to determine 
the skills that are needed. 
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3. Provision of eye safety equipment, 
with correction appropriate for the work 
distance of the job to be done. Through 
proper operating safeguards and personal 
safety glasses it should be the aim to make 
every job in industry nonhazardous to sight. 
Choosing the right kind of protection on 
each job, careful fitting of plano, as well as 
corrective lenses to each individual, and 
proper maintenance, all are essential in any 
eye safety program. 

4. Emergency eye care. Prompt first-aid 
care for eye injuries from foreign bodies 
should be available in accordance with the 
recommendations of the consulting ophthal- 
mologist. Where workers are exposed to 
chemical eye hazards in the form of dust, 
fumes, vapors, or splashing liquids, some 
kind of eye fountain, shower, or other meth- 
od of immediately irrigating with water close 
to the job is essential. 

5. Proper use of illumination and color. 
For maximum efficiency to reduce accidents 
caused by faulty seeing conditions, adequate 
illumination should be combined with the 
balanced distribution of light, use of white 
or light ceilings and light-colored walls when 
possible, with suitable contrasting colors on 
machinery and on surrounding surfaces. On 
the other hand, glare and sharp brightness 
contrasts near the task should be avoided. 


6. Group and individual education in eye 
health as well as in eye safety. Although 
most important, I believe that this is the 
part of the visual eye program that most 
often is neglected. Instruction can be done 
in training sessions, committee meetings 
with supervisors and union stewards; post- 
ers, leaflets, films, and special campaigns. 
The Wise Owl Club, which is explained in 
the exhibit in the foyer, provides an excel- 
lent incentive program by honoring workers 
who have escaped eye injury through wear- 
ing proper protection at the time of an 
accident. 

There still are far too many eyes lost 
each year, particularly in smaller plants and 
in construction work. There is unnecessary 
spoilage of materials and less than the most 
efficient production by failure to apply the 
knowledge about eyesight that we now have 
in these six fields: testing or screening, job 
analysis, provision of eye safety, materials, 
proper emergency care, adequate use of 
illumination and color, and group and indi- 
vidual instruction. If we respect the signifi- 
cance of these components we can make even 
greater progress in the maximum utilization 
of sight in industry and in the prevention 
of blindness than has been possible up to 
now. 
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MICHAEL J, HOGAN, M.D., San Francisco 


Introduction 


It is indeed a pleasure for Colonel Lowrey 
and me to be invited to present this impor- 
tant aspect of vision in industry to you 
today. This session has been extremely 
valuable to me because I had to sit down 
during the past two or three months and 
review a good part of what had been written 
about visual screening in industry. It is 
good for a person to have to do such work, 
because it can be initiated without precon- 
ceived notions. Colonel Lowrey and I had 
a chance to arrive at some conclusions on 
screening which may or may not agree with 
what has been published on this subject. 
We shall outline to you what objectives 
should be followed in the future, and how 
those of you who are using such equipment 
in plants can properly evaluate their use. 


We thought, inasmuch as some of you 
may not be familiar with some of the terms 
which will be used during the rest of this 
and the next session, that I should present 
a little glossary. 


1. Visual Acuity.—What do we mean by 
visual acuity? Visual acuity does not mean 
just taking vision at 20 ft. or beyond. It 
means taking vision at different distances: 
at 20 ft. and beyond, at 20 to 30 in., or what 
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From the Francis I. Proctor Foundation for 
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Dr. Hogan was assisted in the discussion of this 
subject by Col. Austin Lowrey, Chief, Ocular 
Research Unit, Walter Reed Army Medical Cen- 
ter, Washington, D. C., who presented slides show- 
ing the several screening instruments, their test 
targets, records used with them, and techniques 
of testing. 


Evaluation of Vision Screening Methods in Industry 


we call mid-distance, and at 10 to 20 in., 
which is commonly called near vision, 

The figures 20/20 are undoubtedly fa- 
miliar to you. The numerator of the fraction 
refers to the distance at which the vision 
is taken, and the denominator refers to the 
size of the letter, and a little later I will 
show you what the mechanics are in deter- 
mining these various figures. 

2. Depth Perception —Depth perception, 
or stereopsis, I think is familiar to all of 
you. I think when you were children at 
some time or other you were exposed to the 
old familiar hand stereoscope in which you 
could put a card having two pictures, and by 
moving the slide forward or back could fuse 
the two pictures on opposite sides into a 
single one and achieve depth, and this is 
what we mean by depth perception. 

Ordinary depth perception is accomplished 
with two eyes. The person sees an object 
with the left eye, and with the right eye and 
his brain fuses the object into a single one 
which enables him to perceive depth. How- 
ever, it is not uncommon for a child or an 
adult to have a crossed eye and not have this 
ability to use the two eyes together, and yet 
this person does have depth perception. He 
had to learn his own system of achieving 
depth. Also a person with one eye can 
develop very good depth perception. The 
person who loses an eye may at first have 
difficulty judging depth, but in time, by judg- 
ing the size of objects, their color and 
shadow, and by moving his head from side 
to side he learns a good degree of stereopsis. 
I emphasize this because the instruments 
which are used to test depth frequently 
would not apply particularly to a person 
with one eye or with no fusion, or with a 
crossed eye, and so the person should not 
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be rejected on the basis of a test by an in- 
strument. 


3.. Muscle Coordination muscle co- 
ordination we refer to the proper function- 
ing of the muscles of the eyes so that the 
two eyes move synchronously in all direc- 
tions of gaze. A normal amount of abnor- 
mal movement of the two eyes is found in 
all of us, but our eyes are able to take care 
of a small amount of lack of coordination 
without causing any difficulty. If the eyes 
tend to turn inward, we speak of esophoria; 
if the eyes tend to turn outward, we speak 
of exophoria, and if one eye tends to be 
higher than the other, we speak of hyper- 
phoria. These functions are all measured 
with the ordinary screening instruments. 

4. Working Distance-—Working distance 
is important, as I have already mentioned. 
The person should be tested and fitted with 
glasses for all distances or he should be 
employed for a job at which he uses his 
best working distance. For example, a 
machinist might have an ideal working dis- 
tance of 15 to 25 in. If he needs glasses, 
they should be corrected so that he has 
perfect vision at that distance. An inspector 
doing very fine work might have a working 
distance of 12 in., and, if he needs glasses, 
they should be corrected for that distance. 
On the other hand, a crane operator, or a 
rolling mill worker who has to see signal 
lights at a great distance, or the boom of his 
crane at a moderate distance, would have to 
be corrected adequately for this distance. 

5. The Visual Fields——You are all fa- 
miliar with the fact that when you are 
driving a car and your eyes are directed 
straight ahead you are also aware at inter- 
sections of cars coming from one or the 
other side without your having to move your 
eyes. All of us have a very large field of 
vision which surrounds the point at which 
we are looking. If a person happens to lose 
a part of this field, it seriously interferes 
with his ability to work and drive. The vis- 
ual field is extremely important in those 
people who are handling heavy machinery 
or who are driving. 
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6. Visual Service—The phrase “visual 
service” has been developed in the last 15 to 
20 years by investigators interested in visual 
function and companies interested in produc- 
ing screening apparatus. As a result of con- 
siderable study the companies provide the 
apparatus and instruction to enable the plant 
physician, nurse, or safety engineer to use 
the instruments properly and evaluate the 
results. 

Vision plays an important part in the daily 
acts of every worker, and, to a, fair degree, 
his visual skill determines the amount and 
perfection of the product. Many industries 
have accepted the principle of preemploy- 
ment vision testing, and also require a peri- 
odic examination of those already employed. 

During this portion of the program an 
attempt will be made to evaluate the methods 
of testing those visual functions which are 
important to the work of the prospective or 
actual employee. The testing of these func- 
tions is important for the following reasons : 


To evaluate the employee’s ability to perform 
his work 


To correct defects so that fatigue is avoided 
To prolong high efficiency 
To prevent accidents to the employee and his 
fellow workers 

5. To detect defects which might prevent later 

compensation difficulties 

What are the visual functions which are 
of importance to the work of the employee? 
They may be listed as follows: 

1. Visual acuity for distance (20 ft. and beyond), 

mid-distance (20-30 in.), and near vision 

(10-20 in.) 
. Color vision 
. Depth perception (stereopsis) 
. Muscle coordination 
. Working distance 
. Visual fields 

There are additional environmental fac- 
tors which are involved in occupational 
vision, such as lighting, contrast, working 
hours, and rest. These influence the effi- 
ciency of the body as a whole, and the eyes 
in particular. It is important to emphasize 
certain facts prior to our discussion of the 
various visual tests, for example, the quali- 
fications of the person selected to measure 
the visual performance. The examiner 
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should be trained properly, and should con- 
duct the tests according to instructions, in 
a uniform manner with all personnel. This 
specially trained person should operate under 
the guidance of the plant or consulting phy- 
sician, preferably with the advice of an 
ophthalmologist. It is estimated that ap- 
proximately one month should be devoted 
to instruction of the technician in the meth- 
ods of testing, so that he understands some 
of the basic concepts and learns to achieve 
uniformity in his methods. 

How may these visual functions be tested 
properly? Let us take each factor, discuss 
the methods employed to achieve the results 
of the test, and at the end summarize the 
advantages and disadvantages. Originally it 
was possible to make a proper evaluation of 
the visual functions important to industry 
only in the office of a properly trained pro- 
fessional person. The magnitude of the 
problem of testing employees plus the in- 
creasing visual demands has necessitated the 
development of standard screening devices 
which can be used by technicians. During 
recent years the Bausch & Lomb Optical 
Company has developed the Ortho-Rater; 
the American Optical Company, the Sight- 
Screener, and the Keystone View Company, 
the Telebinocular. Considerable time has 
been devoted by ophthalmologists, optome- 
trists, and psychologists in elucidating the 
reliability of these instruments and the vari- 
ous functions they test. Many comparisons 
have been made between the results obtained 
with these instruments and those obtained 
by time-honored methods used in offices and 
laboratories by professional workers. The 
results of these studies will be cited as we 
discuss the various visual functions. 


1. Visual Acuity Tests 


(a) Snellen and Jaeger Visual Acuity 
Charts —The Snellen wall charts are used 
to measure visual acuity for distance. They 
are attached to a wall in a room so that the 
person to be tested can stand 20 ft. from 
the chart, and the chart should be illuminated 
uniformly at 7-10 foot candles by lights 
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which do not cause reflections or glare. Two 
charts should be available, the regular letter 
chart and an “E” chart for illiterates. The 
vision should be taken first with both eyes 
open, then with each eye separately. The 
acuity usually can be measured in 2-3 min- 
utes by this method. 

The advantage of wall charts is that their 
use is well known and that over a period of 
years considerable information has become 
available as to their accuracy. Most of the 
population have become familiar with this 
method of testing through motor vehicle 
license examinations, etc., so it is not neces- 
sary to explain the test. The examination is 
carried out at a 20-ft. distance, which is a 
more natural method of testing than with the 
screening devices. The disadvantage of the 
wall charts is that a larger space is required, 
and it is not always easy to standardize the 
illumination. Also, some letters of the 
Snellen chart are more difficult to discern 
than others. The screening devices have 
attempted to overcome this objection by 
selecting letters or characters of uniform 
discrimination. Unless the wall chart is 
arranged so that only a single line is ex- 
posed, the testing time may be prolonged. 
Also, some persons, knowing their defective 
vision, learn the chart ahead of the examina- 
tion period. Since the wall charts measure 
only the visual acuity, it is necessary to have 
other equipment to measure stereopsis, mus- 
cle coordination, etc. This may be incon- 
venient and time consuming. In many 
smaller plants, however, such measurements 
of the visual acuity are probably sufficient. 

The Jaeger visual acuity chart is used to 
test the near vision. Most tests are done at 
14-16 in. with the illumination provided by 
a 75-watt bulb. The test is performed both 
with and without glasses. The quality of 
the near vision is important because great 
accuracy is required at the near point in 
many industrial jobs. Visions which are 
tested at 14 in. with standard cards are 
comparable to those taken at a distance; for 
example, 14/14 at the near point is com- 
parable to 20/20 in the distance. 
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lt has not been stressed sufficiently that 
many industrial jobs require good vision 
at 20 or even 30 in. Up to the present time 
most instruments and charts are designed 
to test near vision at 14-16 in. There is, 
therefore, need for a simple industrial plant 
test to determine the acuity at “mid-dis- 
tance” (20-30 in.). At other times the 
worker must have excellent acuity at 12-13 
in., and in this group a different set of tests 
also is indicated, especially in those beyond 
age 45 years. The advantage of the Jaeger 
test card is that it presents something to 
the examinee which he is accustomed to 
seeing, namely, printed material rather than 
individual letters of varying size, or a 
checkerboard pattern, 

Instruments designed to test visual acuity 
for distance and near, such as the Ortho- 
Rater with its checkerboard pattern, the 
Sight Screener, and the Telebinocular, 
utilize lenses and prisms with reduced-size 
letters to achieve the distance and near 
effects. A number of investigations have 
shown that these instruments fulfill the 
visual acuity standards they test. The Tele- 
binocular has not been subjected to the 
same critical investigation as the other in- 
struments, but all these instruments seem 
to be adequate for average industrial use. 
It has been shown that there is fairly good 
correlation between the results achieved by 
these instruments and those obtained with 
the Snellen and Jaeger charts. Most investi- 
gators feel these screening devices are excel- 
lent for testing visual acuity because of 
their compactness, easy use, portability, and 
versatility. 


2. Color Vision 


A number of tests have been devised to 
test the adequacy of color vision in the eyes 
of industrial and other workers. Most of 
these tests are easy to perform, and, if 
carried out properly, provide adequate in- 
formation as to the ability of the worker. 
For most purposes it is desirable to know 
if the employee has normal, partial, or absent 
color vision. The average industrial job 
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requires fairly good color vision, but it is 
rare that a partial defect in color vision 
should disqualify a worker. Complete ab- 
sence of color vision obviously would pre- 
vent employment because of the markedly 
reduced visual acuity associated with this 
defect. The American Optical Company 
pseudoisochromatic plates and the Hardy- 
Rand-Rittler plates provide a satisfactory 
test for color vision in most plants. These 
charts must be used with the Macbeth lamp 
to provide proper illumination. 

The testing should be done under standard 
conditions. The subject is allowed to hold 
the book but cannot trace the numbers with 
a finger or vary the position of the book. 
The test should be completed with ease. 
Most subjects can perform an adequate test 
in 1-2 minutes. If five or more errors are 
made during the study of the 18 plates in 
the American Optical Company series, the 
worker must be considered at least partially 
color blind. In such a case he should be 
referred for further study if his occupation 
requires color discrimination. In those jobs 
where color discrimination is extremely im- 
portant the Farnsworth 100-Hue color test 
can be made. 

We feel most of the visual screeners do 
not provide adequate charts for the testing 
of color perception. 


3. Stereopsis (Depth Perception) 


Methods for measuring depth perception 
or stereopsis are inadequate, even with 
screening devices. It is obvious that skilled 
workmen who are operating moving ma- 
chinery which must be adjusted with great 
accuracy should have excellent stereopsis. 
Such skill, however, is acquired by observa- 
tion over long periods of time and does not 
entirely depend on depth perception. There 
is some disagreement on the proper methods 
of testing stereopsis as a quick routine in 
industrial plants. The time-honored method 
in military and other establishments is the 
use of the Howard-Dolman apparatus, which 
necessitates a cumbersome arrangement and 
is more time consuming. This test is inade- 
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quate for average office or industrial plant 
use. Also it is questioned whether the test 
is adequate for testing critical stereoscopic 
vision. 

The various screening apparatuses all 
provide stereoscopic slides which indicate, 
after a certain fashion, the presence or 
absence of a defect. Actual recording of 
the degree of stereopsis or its loss, however, 
is subject to debate. It is important to use 
these tests and to make the best possible 
determination of stereopsis, but the evalua- 
tion of the results must be made by someone 
with experience. All three of the presently 
available commercial instruments utilize the 
same principle for this test, namely, that 
rows of letters or numbers are presented 
to the subject, one letter in each row being 
raised, or appearing closer to the eyes of the 
subject than the other letters in that row. 
It is safe to assume that, if the subject can 
pass most of the rows, his stereopsis is 
adequate for most occupations. 


4. Muscle Coordination 


Most of the skilled visual acts require 
proper coordination of the two eyes. For 
this purpose the ocular muscles should act 
synchronously and smoothly, moving the 
eyes accurately in the performance of visual 
acts. Imbalance of the muscles leads to 
improper judgment of depth, double vision, 
or subjective symptoms, such as fatigue, 
headache, or ocular discomfort. The meas- 
urement of such imbalances is accomplished 
easily with proper equipment in professional 
offices. Such equipment would not be prac- 
tical in an industrial plant of average size. 

In most occupations we are concerned 
with the proper horizontal balance of the 
eyes, that is, do the eyes tend to cross, or 
diverge from each other at the distance and 
near points of gaze? We are also concerned 
with the vertical balance of the eyes, that is, 
is the visual gaze of one eye higher than 
the other? Most visual screening devices 
test these functions at both distance and 
near, arid with reasonable accuracy. After 
such testing is accomplished and certain 
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figures are obtained, one must decide what 
the limits are for acceptance or rejection. 
Some persons with a fairly marked imbal- 
ance have no difficulty, and other persons 
with small errors often require treatment 
with exercises, glasses, or even surgery to 
correct the defect. One must use a proper 
mixture of knowledge and horse sense in 
order to evaluate the findings and decide a 
worker’s adaptability for a certain job. This 
is where the use of job performance and 
profile cards can fall down. 


5. Visual Fields 


It is obvious that normal visual fields are 
important for any type of work. The visual 
field refers to a person’s ability to see to 
the side, above, below, and nasally with the 
visual gaze directed forward. Loss of the 
ability to see to one or another side, above, 
and below, may result in serious accident, 
and in reduction of efficiency. Glaucoma is 
a common cause of a visual field loss, espe- 
cially in those over age 40. Cataract and 
other diseases also may cause a reduction 
of field. 

The field is best measured with an instru- 
ment called a perimeter. This method is 
excellent, and can be learned by a technician. 
About 15 minutes is required for the test, 
however, and therefore it is impractical for 
routine industrial use. The tangent screen, 
used to measure the central visual field (20- 
40 degrees from the point of gaze) also is 
time consuming, but invaluable for the detec- 
tion of disease. 

An instrument developed by Harrington 
and Flocks, and called a visual screener, has 
recently been made available by the Jenkel- 
Davidson Optical Company of San Fran- 
cisco. This instrument is inexpensive, space 
saving, simple, and the test can be given in 
about three minutes. Various patterns are 
presented to the subject in rapid sequence, 
and he is required to indicate which patterns 
he observes. The patterns are arranged on 
each card so that specific portions of the 
visual field are tested. The central 30 de- 
grees of visual field are tested by this meth- 


97 


4 
x 
a 
2 


A, M. A. ARCHIVES OF INDUSTRIAL HEALTH 


od, and this is considered adequate for most 
employment. However, some occupations 
require tests of the entire field, and for this 
purpose it would be necessary to refer the 
worker to a professional office. 

It is considered most important to have 
adequate visual field tests for those workers 
doing such skilled acts as crane operations, 
truck driving, etc. 


6. Correction for Working Distances 


It is obvious that the worker must have 
adequate vision at his working distance. 
Those workers who are doing fine inspection 
work at 10-15 in. often require correction 
of any error of refraction with glasses, even 
if it is small in degree. If the worker is 
past 45 years of age, he probably is losing 
his near accommodation and must have an 
adequate correction. We have found that 
women in the 35-45-year age group and 
sewing with power machines often require 
a near glass earlier than their fellow workers 
doing less exacting work. We have also 
observed that some races, for example, the 
Latin races, lose their near focusing at a 
much earlier age than other races. 

When should patients be referred to a 
professional office for reexamination and 
correction of a defect? This aspect of in- 
dustrial medicine has been under intense 
investigation for a number of years, and 
many points are still unsettled. The levels of 
various visual functions which are consid- 
ered necessary for certain jobs have been 
studied and attempts made to standardize 
them for various occupations. Investigators 
working with the Bausch & Lomb Ortho- 
Rater have evaluated the visual requirements 
of various jobs, such as truck driver, crane 
operator, machinist, inspector, etc., and con- 
structed templets which set the limits of 
visual acuity, depth perception, distance, and 
near muscle balance, etc., for each type of 
job. After the testing is completed the indi- 
vidual record is placed behind a transparent 
templet and the result compared with a 
supposed standard. Those workers whose 
performance is below that required for a 
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specified job are referred to an ophthal- 
mologist for examination. It is obvious that 
some workers will be referred unnecessarily, 
but study has shown that the percentage of 
overreferrals is not too high. 


Investigators utilizing the American Op- 
tical Sight Screener and the Keystone Tele- 
binocular have recommended against using 
such profile cards because it makes the visual 
analysis a mechanical procedure and places 
the burden of responsibility for referral 
upon a technician who is not qualified. They 
prefer to have a plant physician or consult- 
ing ophthalmologist make this decision, 
based upon the test performance of the 
worker under question. From the informa- 
tion presented previously in this lecture it 
is obvious that some of the functions which 
are being tested by mechanical equipment 
are not accurately tested by all machines, 
and that even if the function is adequately 
tested there is no clear-cut dividing line be- 
tween abnormal and normal. Therefore it is 
our feeling that those workers who have 
questionable performances in one or more 
of the tests should be reevaluated on the 
same equipment, and if the performance re- 
mains low, the consultant could make the 
decision as to referral or not. We are op- 
posed to a rigid mechanical interpretation 
of the results of such tests. 


Summary 


The following visual functions are of im- 
portance in the work of the employee: 
1. Visual acuity for distance (20 ft. and beyond), 
mid-distance (20-30 in), and near (10-20 in.) 
. Color vision 


. Depth perception (stereopsis) 

. Muscle coordination 

. Visual fields 

. Proper correction for working distance 

Most of these functions can be tested with 
reasonable accuracy by trained technicians 
on equipment designed for this purpose. 
The Bausch & Lomb Ortho-Rater, American 
Optical Company Sight Screener, and Key- 
stone View Company Telebinocular are in 
most constant use throughout the country. 
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Each machine has been evaluated (except 
for the Telebinocular) as to accuracy and 
correlation with standard tests as used by 
professional examiners. It is considered 
best that the results of this type of testing 
be interpreted by a professionally trained 
person rather than a technician, and that 
referrals for further study be made on the 
basis of individual study rather than on 
the basis of performance scores achieved in 
the various visual functions. 

The Snellen and Jaeger visual acuity 
charts are extremely satisfactory for routine 
testing of visual acuity for distance and 
near, and once the positioning and lighting 
are arranged, testing can be done rapidly 


and with accuracy by technicians. If these 
charts are employed alone, the other visual 
functions must be measured by additional 
equipment, or ignored. Those plants with 
limited numbers of employees could very 
nicely get along by measurements of visual 
acuity alone. 

It is important to have some type of 
analysis of the individual jobs performed 
in the industrial plant, so that workers per- 


forming skillful near acts can be properly 
corrected with glasses for that distance. This 
is especially true for the older worker, at 
both the near and mid-distance ranges. 


University of California School of Medicine 
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COMDR. DEAN FARNSWORTH (MSC), U. S. N. 


It is my purpose to present a specific 
program on how to administer color vision 
tests and identify color defectiveness for the 
purpose of efficient personnel placement in 
industry. Your interest, I assume, is pri- 
marily that of job placement in factory 
work, civil aeronautics, transportation (driv- 
ers of autos, busses, and locomotives), and 
education (for vocational guidance of school 
children at an early age). 

The importance of color vision in connec- 
tion with certain occupations is too well 
known to require further comment, and I 
will take time only to emphasize the need 
for accurate diagnosis. Misdiagnosis which 
closes a vocation to a man of normal vision 
is unjust to the man and wasteful of man- 
power; misdiagnosis which allows a severely 
defective man to operate in color-keyed 
occupations exposes him and many others 
to unnecessary danger, but correct diagnosis 
of mildly color-deficient persons will permit 
their utilization in many positions with bene- 
fit to themselves and profit to industry. 

Our recommendations summarize 15 
years’ experience in color vision research 
in the Medical Research Laboratory at the 
U. S. Naval Submarine Base. This program 
has been generously supported because al- 
most every trade which is known in civilian 
life is found within the Naval organization 
—and sometimes in situations which may 
be highly critical. That is why we are as 
interested in personnel selection and job 
placement as is industry, and why our prob- 
lems in classification and testing of color 
deficiency are similar to yours. 

I shall now do two things. First, I pre- 
sent a simple classification of the types and 
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degrees of color deficiency for industrial 
purposes. Agreement on this simple system 
will eliminate confusion and bring industrial 
designations into line with scientific systems. 


Second, from the many tests with which 
we are familiar, I will recommend one test 
to identify each degree of color deficiency. 
Each of these tests is the most diagnostic 
instrument which is commercially available. 
They have been selected without regard for 
their price because a single personnel failure 
in industry is likely to be much more ex- 
pensive than the highest priced test. But 
before we proceed let us review some of 
the important aspects of color vision : 

1. Approximately 10% 


color defective—in some 
less than 0.5% of females. 


of American males are 
degree or another—but 


2. Color deficiency is inherited, usually from 
a man’s maternal grandfather. 


3. Color vision does not change appreciably with 
age. 


4. Color deficiency cannot be cured or remedied 
by any method so far known to man. 


5. Typical color deficiency does not result from 
the use of tobacco, alcohol, or drugs; nor have 
we discovered any method by which to produce 
defectiveness in a normal person. 


6. Congenital color deficiency is not associated 
with night blindness and is unrelated to a man’s 
visual acuity. 


Classification 


The common term for color defectives is 
“color blind,” but this is misleading because 
they are not unable to distinguish all colors. 
With the exception of those rare monochro- 
mats who see everything as in a black and 
white photograph, color defectives see col- 
ors, usually yellow and blue, but the common 
types are more or less unable to distinguish 
red from green. They never see more, they 
always see less than a normal person, so it 
is called a reduction type of defect. 
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CLASSIFICATION 
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Figure 1 


Figure 1 presents a simple, adequate sys- 
tem for purposes of industrial classification. 
In spite of all that can be found in the 
literature, there are but three known types of 
color deficiency (always excluding the rare 
monochromat who will be detected because 
of more obvious, associated, visual deficien- 
cies). There appear to be no compound 
types, no intermixtures, no intermediate 
cases. To avoid theoretical bias, three simple 
names have been chosen for the three types 
—protan (first), deutan (second) and tritan 
(third). 

While these three types are completely 
distinct, a continuum of degree of deficiency 
appears within each type. Persons can be 
found of any degree within type. Degrees 
range from the mildest (near normal) up to 
the severest. However, for industrial pur- 
poses we have found it sufficient to separate 
them into three degrees—mild, moderate, 
and severe. 


Only the capitalized words in Figure 1 
need to be remembered—amild, moderate, and 
severe degrees of the three types—protan, 
deutan, and tritan. These are for industrial 
classification. The scientific literature is full 
of other terminology derived from labora- 
tory instrumentation; some of the commoner 
terms are written into the chart in italics 
to permit you to relate terms with which you 
may be familiar to this simplified organiza- 
tion. 

In industrial practice this comprehensive 
scheme can be further simplified. Tritans 
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are so rare that it is usually unlikely that 
they are worth the time required to identify 
them. Protans and deutans have one signifi- 
cant thing in common—they both confuse 
red and green or colors which contain red 
and green, such as orange, magenta, em- 
erald, light green, yellow, tan, and browns. 
These are the commonest colors used in 
color coding, and therefore it is usually 
possible to test and treat the two types 
together. 

Industrially, the degree of defect is much 
more important than the type. A mild color 
defective can discriminate code colors with- 
out much more difficulty than normals. An 
alert, mild defective can be depended upon 
to distinguish traffic lights, air beacons, navi- 
gation lights, and all other coded lights and 
colors under ordinary conditions of visibil- 
ity. Consequently there seems to be no 
justification for disqualifying the mild color 
defective as pilots, locomotive engineers, and 
bus drivers. Contrary to the laws of some 
states, completely normal color vision is un- 
necessary for the operation of private auto- 
mobiles. Mild color defectives have little 
difficulty in the professions of chemistry, 
biology, medicine, and electronics. 

A moderately color defective, however, 
must never be placed in a position in which 
a failure of color judgment would jeopardize 
persons or property. He can distinguish 
code colors with reliability only when the 
colors are clean, unobscured, in good light, 
reasonably large in size, and when he is 
not hurried or distracted. This provides the 
opportunity to place the moderate defective 
in most factory operations. Electrical and 
mechanical assembly, inspection, and testing 
are usually done under good lighting; the 
code colors are unsoiled, the job is repetitive 
and a mistake is remediable. 

The severe color defective must never be 
placed in a situation where color discrimina- 
tion is important. Even though he can prove 
his ability at your desk to make some color 
distinctions, it must be remembered that, 
to him, these constitute the equivalent of 
“fine discriminations” to the normal; gross 
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color differences will pass unnoticed in the 
complexities of the job situation and fail to 
warn him of the cues upon which efficiency 
or safety depend. 


Tests for Degree of Deficiency 


Unfortunately it is difficult to produce 
reliable tests for degree of defect, and they 
must be administered with care if the results 
are to be valid. A short test such as the 
A. O.-Hardy-Rand-Rittler Test will give a 
general indication of degree and is satisfac- 
tory for predictive purposes in schools where 
no large stakes are immediately involved, 
but the cutoffs between degrees are not cer- 
tain enough for business and industry. 
When a man’s employment is concerned or 
when there are possible hazards to others, 
the best test obtainable is none too good. 


Figure 2 shows the way in which three 
tests may be used to classify applicants into 
four groups—normal, and mild, moderate, 
and severe deficiency. For the determination 
of normal color vision the American Optical 
Company Plates* (the selection approved by 
the I.S.C.C.) or the Ishihara Plates are 
recommended. It must not be thought that 
all plates are of equal value or that other 
plates can be substituted for the above with 
equally reliable results. 

Nor can reliable results be expected unless 
the correct illumination is used. The illumi- 


* American Optical Company, Instrument Di- 
vision, Buffalo. 
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nant must approximate Illuminant C. Don’t 
imagine that any daylight will do, because 
daylight is a very variable thing. The only 
certain way to insure results is to give the 
plates under a Macbeth Daylight Easel 
Lamp.+ If these plates are given under 
ordinary incandescent light, it will result in 
a considerable percentage of incorrect diag- 
noses and fail to detect about half the 
deutans tested. 

Now, how to salvage that important block 
of mild color defectives? The correct diag- 
noses of these men have been of most con- 
cern to transportation because of the broad 
economic factors involved. 

The Farnsworth Lantern} is modeled 
upon the British Board of Trade, Royal 
Canadian Navy, and Air Force lanterns. 
The diagnostic features have been refined; 
the lights have been spectrophotometrically 
standardized, and the operation has been 
made fool-proof and convenient. Men who 
fail the plates but pass the lantern are mild 
color defective and are considered “color 
safe” for ordinary occupations. 

There may still be a place for a man who 
fails the lantern test. If he passes the 
Dichotomous Test,t he is moderately color 
defective and is salvagable for well lighted, 
clearly coded color operations where there 
is no potential hazard to himself or others. 

If the applicant fails the Dichotomous 
Test, he is severely color defective. 

Thus, by the use of three tests the four- 
part classification for color vision can be 
made. However, if in your particular in- 
dustry the job performances are relatively 
homogeneous and psychological surveys have 
indicated that one particular degree of de- 
ficiency is acceptable, only one test need be 
used. For instance, for factory assembly 
with color coded wires workers are accept- 
able if they pass the Dichotomous Test. 
Applicants for pilots’ licenses are acceptable 
if the lantern test is passed. In such in- 
stances only one test need be given. 

+ Macbeth Daylighting Corporation, P, O. Box 
950, Newburgh, N. Y. 


t Psychological Corporation, 522 Fifth Ave., 
New York 36. 
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Summary 


A classification of color deficiency is pro- 
posed which is scientifically accurate but is 
simple and adequate for industrial use. Com- 
mercially available tests have been selected 
which will identify each of three degrees of 
color deficiency. It is emphasized that color 
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vision testing for industry cannot properly 
be limited to “color blind—not color blind” 
categories. After job analyses have deter- 
mined the degree of color discrimination re- 
quired for the occupation, the color vision 
tests here described can be used for per- 
sonnel selection. 
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EDMUND B. SPAETH, M.D., Philadelphia 


Somewhat over three years ago the Coun- 
cil on Industrial Health of the American 
Medical Association expressed dissatisfac- 
tion, and properly so, to the Joint Committee 


on Industrial Ophthalmology of the Ameri- — 


can Medical Association and the American 
Academy of Ophthalmology relative to the 
regulations and recommendations, then in 
force, through the American Medical Asso- 
ciation’s publication “Appraisal of Loss of 
Visual Efficiency” revised and adopted in 
1940. The Council on Industrial Health was 
very much aware of some of the obsolete 
aspects of this earlier appraisal and of the 
possibility, if not certainty, of different 
opinions and different conclusions which 
might now be acceptable to industrial medi- 
cine, to industrial health commissions, to 
compensation boards, and to insurance com- 
panies. 

The late Dr. Petersen, then Secretary to 
the Council on Industrial Health of the 
American Medical Association, requested 
me, as a member of the Joint Committee on 
Industrial Ophthalmology, to present this 
subject, for preliminary discussion, before 
the International Association of Industrial 
Accident Boards and Commissions. This 
was done Jan. 6, 1953. The Council on 
Industrial Health was very much aware of 
the widespread authoritative use, by the 
various state commissions connected with 
the ophthalmological aspect of industry, of 
this appraisal. At the same time, this Coun- 
cil was properly concerned over the fact that 
Superior Court decisions in various states 
had been rendered which were of dubious 
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medical propriety, also which were not con- 
sistent, and, in some instances, were at 
variance with the recommendations in force 
within the 1940 edition. Various unwar- 
ranted awards made were, in fact, due to 
obsolete factors within the 1940 edition. 

After the meeting of the International 
Association of Industrial Accident Boards 
and Commissions, an independent committee 
was appointed by the Council on Industrial 
Health to revise this 1940 “Appraisal of 
Loss of Visual Efficiency” and to present 
this revision, when completed, to the House 
of Delegates of the American Medical Asso- 
ciation through the Executive Committee of 
the Section on Ophthalmology and through 
the regular meeting of the Section of 
Ophthalmology of the American Medical 
Association. The committee which was ap- 
pointed consisted of Dr. F. Bruce Fralich, 
Dr. William F. Hughes Jr., and me. 

This report was presented in its first 
tentative draft to the Executive Committee 
of the Section on Ophthalmology of the 
American Medical Association in 1954 for 
their discussion, their criticisms, and their 
recommendations. It was returned to the 
committee with these. In 1955, at the At- 
lantic City meeting, the committee’s report 
was presented in its final draft, as a codex 
juris on the subject, under a_ new title 
“Estimation of Loss of Visual Efficiency.” 
This was approved and accepted by the 
American Medical Association at the 1955 
General Meeting. The enthusiasm from 
interested and involved organizations and 
commissions since its publication seems to 
confirm wholly the earlier opinions of the 
Council on Industrial Health as to the 
necessity for a revision. 
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The preliminary considerations, even be- 
fore the revision could be carried out, were 
for the committee to determine what were 
essential factors in estimating or evaluating 
visual efficiency. This, in the final report, 
was defined as that degree or percentage of 
the competence of the eyes to accomplish 
their physiologic functions, including (1) 
corrected visual acuity, for distance and 
near; (2) visual fields, (3) ocular motility 
with absence of diplopia, and (4) binocular 
vision. Although these factors do not 
possess an equal degree of importance, 
vision is imperfect without the coordinated 
action of all. Other functions, although 
secondary and dependent, are recognized as 
important, such as color perception, adapta- 
tion to light or dark, and accommodation. 
Because these functions are inherently de- 
pendent on the status of the previously 
mentioned four coordinating functions of 
vision, they are not included in the basic 
method of calculation of the percentage of 
loss of visual efficiency. 


The subject of accommodation was given 
considerable thought. The committee was 
very much aware of the fact that the age 
of workers, both male and female, in highly 
skilled labor was steadily increasing and 
that this matter of advancing years would 
continue. Because of that, near vision, as 
related to presbyopia and hence to central 
visual acuity at near, had to have consider- 
able thought. 

It is hardly necessary to say that the 
committee, in working over the revision, 
sought legal advice through Mr. Clark 
Bridges, at that time Acting Secretary for 
the Council on Industrial Health, from the 
legal advisor to this Council. This advice 
was sought as to phraseology and as to the 
limits for recommendations within the medi- 
cal aspects of impaired efficiency as these 
would be involved with the legal aspects. 
The committee understood well that the 
monetary amounts granted by the commis- 
sions of the various states were not their 
concern; furthermore, they well knew that 
the Federal Statutes and Acts upon which 
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workmens’ compensations are based are not 
to be construed as payment for the loss of 
sight, or the loss of a limb, or the loss of 
hearing, or any other industrially related 
accident. These awards are simply to com- 
pensate, in part, for the effects of accidents 
related to industry, in amounts common to 
all, regardless of whether it be a high- 
salaried, skilled worker, or the lowliest of 
unskilled laborers; furthermore, the award 
to be granted to an injured workman de- 
pended only upon the pathological state re- 
sulting from the industrial incident, disease, 
or injury, without consideration of fault, or 
culpability, or carelessness (should this be 
present) on the part of the workman or 
the company. The committee’s task was to 
determine, as well as they could from 
a medical standpoint, percentage deviations 
from normalcy. Because of that, they had 
first to decide what were normal, efficient, 
visual requirements. 

The committee’s report has been pub- 
lished by the Council on Industrial Health 
of the American Medical Association and is 
available upon request from that office. It is 
neither necessary nor possible to abstract 
this report. The general principles con- 
nected with the subject, however, are to be 
presented now. 


The report is represented in eight sub- 
sections and in two major subdivisions. 

The first four subsections, constituting 
the first major subdivision, are (a) essential 
factors to be considered in determining vis- 
ual efficiency; (b) the determination of cen- 
tral visual acuity for both near and for 
distance; (c) the estimation of the efficiency 
of an impaired field of vision, and (d) the 
determination of a percentage loss of ef- 
ficiency as the result of disturbed ocular 
motility in one or both eyes. The second 
subdivision of the report is concerned with 
the calculations for the estimation of the 
visual efficiency of one eye, and similarly 
of both eyes, as this efficiency is concerned 
with corrected visual acuity for distance and 
near, with the extent of the fields of vision, 
and with the state of the ocular motility as 
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related to the degree of binocular single 
vision present. The last two brief sections 
of the revision present types of ocular ab- 
normalities not to be included in visual 
efficiency factors, and certain rather im- 
portant recommendations relative to the 
period when a case shall be considered at 
maximum visual efficiency and then eval- 
uated as to the estimation of loss of visual 
efficiency. 

Some of the major changes are as follows: 

In determining central visual acuity, the 
best vision obtainable with ophthalmic lenses 
should be used in determing the degree of 
central visual acuity. This is quite at vari- 
ance with some of the state commissions, 
wherein visual acuity is determined without 
the use of correcting lenses. In some in- 
stances the use of contact lenses might fur- 
ther improve vision reduced from corneal 
disease or injury; however, the practical 
difficulties of fitting, the expense, and the 
tolerance to contact lenses are sufficiently 
important, at the present time, to favor this 
recommendation that only regular ophthal- 
mic lenses be used to determine the best 
corrected vision. The visual handicap re- 
sulting from aphakia corrected by regular 
ophthalmic lenses can only be estimated; 
however, even uncorrected aphakia should 
not be considered equivalent to a blind eye 
because of the usefulness of side vision 
and the possibility of correction if the 
opposite phakic eye should be injured subse- 
quently. The practice of considering mon- 
ocular aphakia as the full loss of visual 
efficiency in one eye does not recognize the 
value of an eye with no abnormality except 
the loss of the lens. With these considera- 
tions in mind, it is recommended that 
monocular aphakia be considered as a partial 
visual disability, viz., 50% of the central 
visual efficiency of that eye when corrected 
by lenses. For example, if corrected vision 
in the aphakic eye is 20/40 (85% efficiency), 
the allowable central visual efficiency of that 
eye would be 0.50X0.85=43%, or a loss 
of central vision of 57%. In cases where 
the corrected aphakic vision is necessary 
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for the patient’s industrial activities, whether 
this be corrected with ophthalmic lenses or 
with a contact lens, it is recommended that 
this state of aphakia be considered an addi- 
tional partial visual handicap of 25% of the 
best corrected binocular visual efficiency as 
this is calculated in the report. For example, 
if the binocular visual efficiency of the cor- 
rected aphakic patient is 75%, the final 
estimation of the visual efficiency of that 
patient would be 0.75 X0.75=56%. 


In general, the committee felt that the 
table set up by the 1925 and 1940 American 
Medical Association committees overesti- 
mated the loss of visual efficiency for 
distance acuities poorer than 20/200, and un- 
derestimated the loss of near acuities poorer 
than 14/28, which is equivalent to Jaeger 
3, or six-point type. 

A revision of the estimations of per- 
centage loss of visual acuity corresponding 
to the Snellen and visual-angle notations 
for distance and near is given in the report. 
This has been done in the light of statistical 
reports of average “normal” vision and ex- 
perience in the disabilities caused by re- 
duced visual acuity. It should be remarked 
that no scientific studies are available re- 
lating central visual acuity, visual field, and 
motility deficiencies to the actual perform- 
ance of various duties. 

Also, the visual disability in reading with 
acuity for near of 14/35 (Jaeger six- or 
eight-point type) is far greater than the 
visual disability for distance with 20/50 
vision, which has the same visual angle. 
The revised Tables 1 and 2 represent an 
effort to relate more closely visual acuity and 
visual disability in the light of experience. 


Because of the importance of good near 
vision in the performance of work, the 
revised limits of acuity weigh this disability 
more heavily than the 1940 American Medi- 
cal Association table. Calculation of the 
percentage of central visual efficiency for 
both distance and near vision would, there- 
fore, be the average of the two percentages. 

In estimating the state of fields of vision, 
the isopters recommended are about 10 to 
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15 degrees less than the average normal, 
thus allowing for poor or delayed subjective 
responses and for undue prominence of the 
brow and the nose. 

The estimation of total visual efficiency is 
related to the function of the extraocular 
muscles in two major ways: the absence 
of diplopia, and the presence or absence of 
binocular single vision. It is doubtful, ex- 
cept on looking downward, whether diplopia 
causes significant visual difficulty unless it 
is present within 30 degrees of the center 
of fixation. This basic premise is one of the 
biggest differences of opinion between the 
present committee’s recommendations and 
those earlier recommendations in force prior 
to this revision. 

If a patient has lost binocular single 
vision as a result of disease or injury and 
because of suppression and is free of 
diplopia, the degree of visual disability will 
depend upon how important good depth per- 
ception is for the performance of the pa- 
tient’s work. The varying demands for this 
are quite different and at great extremes; 
however, loss of binocular single vision with- 
out other ocular abnormalities probably does 
not represent more than a 50% loss of 
ocular motility efficiency of one eye in the 
average case. In this instance, in agreement 
with the previous committee’s recommen- 
dations, a more nearly correct estimation of 
visual efficiency is obtained by multiplying 
the percentage efficiency of the better eye 
by three, this added to the percentage of 
efficiency of the poorer eye, and the sum of 
these divided by four, equaling the binocular 
visual efficiency for the two eyes. In this 
estimation, also, all cases with binocular 
visual efficiency of less than 10% are to be 
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considered as blind, for all practical, in- 
dustrial, and legal purposes. 

Certain types of ocular abnormalities were 
not included as visual efficiency factors in 
the report; the value of such disturbances 
cannot be calculated by any scale as yet 
scientifically determined. Such conditions 
include, among others, lid function disturb- 
ances, deformity of the orbit, and other cos- 
metic defects. 


Conclusion 


It is the hope of the revision committee 
and of the parent organization responsible 
for the committee’s efforts that this report 
may again become the basis for uniformity 
for the compensation commissions of the 
various states. There is no reason why one 
state should estimate visual efficiency result- 
ing from industrial accidents and diseases 
differently from those standards in force in 
another state. At the present time great 
degrees of variance exist between the dif- 
ferent states as to the compensation awarded 
for the same lesion, the same lost efficiency, 
the same degree of disability. This is not 
in accord with the philosophy and the pur- 
pose of the Federal Workmen’s Compensa- 
tion Acts. 

There is much chaos present today in this 
meeting point of medicine, law, and social 
economy. Calculated sentiment, political ex- 
pediency, inept medical testimony, and con- 
flicting legal attitudes are responsible for 
part of this. Organized medicine can help to 
correct abuses and to assist in equal awards; 
this recent revision has that purpose for its 
aim. 
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Quantitative Relationships of Illumination and Vision 


H. RICHARD BLACKWELL, Ph.D., Ann Arbor, Mich. 


I. Introduction 


I have given this paper several different titles. The title to be used for publica- 
tion is “Quantitative Relations of Illumination and Vision.” The informal subtitle 
is “Light and Sight.” I want to make it clear that I am going to restrict my 
remarks to those relationships between light and sight concerning which we have 
exact quantitative data, and I will not give you my opinions on much of anything. 

Secondly, like Commander Farnsworth, I shall not have time to justify my 
conclusions but will merely state them. I shall be glad to have them questioned 
in the discussion period following. ‘ 


Finally, I want to acknowledge my indebtedness to the Institute of Industrial 
Health at the University of Michigan, in particular to Dr. Mallory and Dr. Miller, 
who are here from the Institute. I should also like to acknowledge my indebtedness 
to the Illuminating Engineering Society and its Research Institute. These people 
have, in my opinion, shown a laudatory attitude of wanting the truth, no matter 
what the truth may mean to their sales departments. 


I want to talk about the relationship between the amount of light one can 
prescribe, if you want to call it that, and two aspects of vision: visual discrimination, 
referring now to all kinds of things excepting color, which Commander Farns- 
worth has colorfully covered, and, second, the operation of the oculomotor 
mechanisms, accommodation and convergence in particular. 


I have a great many slides which are supposed to be worth ten thousand words 
apiece; so perhaps this is the quickest way to proceed. 


II. Visual Discrimination Data 


Fic. 1—Observers in Cube.—This figure illustrates one of the fascinating 
aspects of vision research. In our laboratories, we study human observers in this 
type of set-up by what we call psychophysical measurement. The observers are 
seated in front of a lighted cube which can be varied in the amount and spatial 
distribution of light so that we can vary the quantity and quality of the observers’ 
visual environment. Then we vary the visual task they are called upon to per- 
form—that is, what they have to see—by presenting different test objects through 
the rear of the screen at which they are looking. I won’t bother you with the 
details of the apparatus, but this can be done. The test object might be a spot of 
light, as it is in this particular picture; it might be any other configuration of test 
object. 

The observers’ task is to discriminate the presence of this object, and we 
measure the accuracy with which this is accomplished quantitatively. 

The basic plan is to determine the accuracy of performance of the visual task 
as a function of the quantity and quality of the lighted environment. 
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Figure 1 


Fic. 2.—Percentage Accuracy Curve.—This shows the basic data we obtain 
in these experiments. We measure the percentage accuracy of the observers’ seeing 
a particular test object, as a function of contrast (percentage of brightness 
difference) between the object and its background. 
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We obtain data points, such as those shown in Figure 2, and then fit a very 
much prettier curve through them than the data seem to warrant. The curve 
shown is an ogive. The advantage of fitting a smooth curve to the data points is 
that we can then specify exactly what percentage accuracy is attained with any 
given target contrast. Even though the data points don’t give you every percentage 
value, you can get them by simply reading off from the smooth curve. 

I now want to describe the final form of the data, without going through the 
preliminary mathematics, and try to indicate what these data imply for industrial 
lighting. 


Fic. 3.—Log Speed vs. Log B for 1 Minute Circle-—If one runs a series of 
studies of a particular visual task one can determine the speed of seeing as a 
function of the logarithm of background luminance (brightness), each of these 
lines representing a given level of accuracy of performance. 

In most industrial situations, I suspect you want rather high levels of accuracy, 
but the other curves demonstrate the difference made by the accuracy requirement. 
Now observe the way in which the amount of light affects what the eye can do. 
This particular visual task is a rather difficult one. The size of the detail to be 
seen is the famous 1 minute we have been hearing about this afternoon, Snellen’s 
1 minute; the contrast is 1, or 100%, as you may know it better. That is the 
contrast of black on white. The notation B,=0 means that the background was 
perfectly uniform, a very unusual circumstance, indeed, but one that we studied 
initially. 

Now observe the fact that as one increases the amount of light—and these 
are logarithms—there is quite an increase in the accuracy one gets for a fixed 
level of speed. For example, here at 10 foot-lamberts I have 50% accuracy. If I 
want to increase the accuracy to 99%, how much increase in background luminance 
must I have? The answer is, “A very great deal, indeed.” In fact, you cannot 
get enough light even at 100 foot-lamberts’ background luminance to increase the 
accuracy in this case from 50% to 99%. 


People usually speak of illumination, not luminance. I think we should always 
refer rather to luminance, because, of course, illumination means nothing if you 
don’t specify the reflectivity of the material on which the illumination falls. Much 
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light on a black surface is not much light reflected back to the eye for its use, 
whereas less light off a light surface is, of course, much more useful luminance, 
or brightness. I would recommend that we stop talking about illumination and 
talk about luminance level, which is the variable which affects the eye. 

Suppose we fix the accuracy at a high level. It is apparent that as we increase 
the luminance the speed increases, and, as a matter of fact, it is not leveling off 
at the high light level represented by 100 foot-lamberts. It is an important fact 
that if the visual test is very difficult, we have not reached the point where more 
light will fail to improve visual performance, even at 100 foot-lamberts, which 
would represent 300 foot-candles of illumination. 


Fic. 4—Log Speed vs. Log B for 4 Minute Circle-——The next figure demon- 
strates that the size of the visual task is important. In this case, the visual task 
is much less difficult than in Figure 3. Here we have a circular test object 4 
minutes in diameter. The contrast is again 1. Comparing Figure 4 with Figure 3, 
there are two obvious differences. In the first place, all the curves in Figure 4 
are shifted to the left, compared with those in Figure 3, which means that one 
gets much better performance with the larger test object with the same amount of 
light. Secondly, these curves definitely level off and reach what we call an 
asymptote, which means that adding more light will provide no appreciable benefit. 
This is the first important conclusion to be reached ; whether more light improves 
visual performance or not depends very, very greatly upon what you are trying 
to see, and if what you are trying to see is rather easy to see, then small amounts 
of light are good enough, but if you must see something very small, we have not 
been able to find enough light to reach the performance limit. This scientific fact 
agrees with common experience all over the world, where people with difficult 
visual tasks go outdoors to perform them. The lace workers in England, for 
example, work out of doors. They should, because they are trying to see very 
small details, and in England they can’t afford the light to do it inside. In this 
country in some cases we do provide enough light indoors, 
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Fic, 5.—Log Speed vs, Log B, Circle and Rectangle —One of the most difficult 
tasks for the diagnostician, the man who is going to specify the light level, is to 
decide whether a practical seeing task is difficult or not, because, as I said, it 
makes quite a difference to how much light is required. My laboratories have the 
very ambitious objective of trying eventually to understand all kinds of tasks 
the eye may be called upon to perform. And so we grind out the data year after 
year, studying first one kind of object, then another, eventually trying to study 
them all, or at least to study enough objects so that we understand them all. 

This figure demonstrates the kind of result we have been getting. We started 
out by studying circular objects, because they seemed to us the simplest to study 
first. Then we studied rectangular objects, and found rather to our surprise that 
to achieve the same level of accuracy of seeing, a great deal more light is required 
for the rectangular object than for the circular object. As shown in Figure 5, 
almost 10 times as much light is required to achieve the same accuracy with the 
rectangle as with the circle of equal area. 


Fic. 6.—Log Speed vs. Log B, Circle and Cross—The next figure exhibits 
the same kind of result for the comparison between a circle and a 90 degree 
cross; that is, a cross made up of two legs that cross each other at 90 degrees. 
Here the difference is even more marked. Again, it takes a great deal more light 
to see a cross than to see a simple circle of equal area. I believe this will make 
sense to you when you stop to think about it. If a worker were trying to see a 
sort of round blot on a textile, for example, you could well believe this could 
be accomplished with less light than seeing a thin cross blot on the textile of equal 
contrast and equal area. The data in the figure represent a scientific illustration 
of just how much difference there is between these two cases. We have studied 
a variety of other test objects, but I picked these out as the most dramatic ones to 
show you. And as I have said, we are hoping some day to be able to understand 
all possible test objects. 
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Fic. 7—Log Speed vs. Log B, Foveal and 1 Degree Peripheral —This figure 
exhibits another extension of our experiments. Oftentimes it is not what you are 
looking at that represents an industrial hazard but what you are not looking at. 
Accordingly, we have been studying objects the observers were not looking at. 
By foveal position, we mean that the test object was precisely on the line-of-sight. 
By 1 degree eccentric position, we refer to the fact that the test object was 1 
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degree away from the line-of-sight. Notice the fact that if the object is only 
1 degree away from the line-of-sight, it takes considerably more light to get the 
same amount of sight. And this again agrees with common sense. If you are look- 
ing for a star in the daytime, for example, if you don’t look exactly at it you don’t 
find it. Yet when you suddently look exactly at it, then you see it very, very 
well indeed. 


Fic, 8.—Log Speed vs. Log B, Foveal and 2 Degrees Peripheral—Figure 3 
presents data for the case when the test object was 2° from the line-of-sight. 
This distance is not very far. The sun’s diameter is half a degree, so the test 
object was only four times the diameter of the sun from the line-of-sight yet 
notice how much more light it takes to do the same visual job if the object is 
that far away. 

We have extended these experiments quite far into the periphery, and there 
you require a tremendous amount of light if you are to see a test object. In my 
opinion, this is a serious safety problem and must be taken into account 
when illumination is specified. 

Well, now, these data should suffice to illustrate the kind of information we 
have been collecting over the last ten or twelve years on the relationship between 
the amount of light and what you can do with it. Use of these data implies the 
diagnosis of what a worker is doing in industry, and then specification of how 
much light he requires, depending upon how well you want him to do it and 
how much light you can afford to buy. 

So far the data I have presented support the conclusion that the more light, 
the better you can see. There is just one very large catch to this, and this is what 
I want to come to next. The catch is that usually you don’t have a nice uniform 
background such as we have been using in our laboratory. Accordingly, we have 
been studying what we call nonuniform backgrounds, 

I might comment that, as I look out over this audience, I have a very, very 
nonuniform background, There are “glare sources’’ scattered all over the upper 
part of my visual field. As I can easily tell, these reduce my ability to see test 


objects in the lower part of my visual field. The word “glare” is usually used to 
refer to the situation I have facing me right now. 
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Well, what can we do about glare and how can we determine the relative 
importance of more light and less glare. There is a problem of the rate 
of exchange of quantity and quality of light. It is clearly established now that 
the more light the better, provided it is uniform. On the other hand, it is also 
clearly established that the more nonuniform the light is, the worse it is. The 
difficulty is that these two aspects of lighting installations are often related. If 
you want to get a lot of light in some particular environment, you must put the 
fixtures rather near the object you are trying to light, and this usually produces 
glare. If, in order to get more light, you introduce more glare, have you done 
more harm than you have good? 

This was the question to which we addressed ourselves about five years ago, 
and I think we have a rather good answer to this question. The basic conception 
of the effect of glare sources is shown in Figure 9. 


Fic. 9.—Effect of Veiling Luminance upon Visual Task.—Suppose that we 
consider the uniform background case existing at a point “A” in the figure. If we 
have 1 foot-lambert of uniform luminance, a certain target size and time for 
seeing, a given contrast is required for seeing. Now, suppose that we suddenly 
introduce in the visual environment a source of glare somewhere near the object 
that is being viewed. What does the glare do to the visual problem? Interestingly 
enough, it does two things, one of which is usually overlooked. These effects are 
produced by stray light inside the eyeball, light that doesn’t go where it is supposed 
to go because of scattering of the various elements in the eye, in particular the 
cornea (according to Boynton). The stray light can be considered to spill over 
and get onto the part of the retina with which you are trying to see. There are 
two effects of stray light: First, it increases the effective luminance level, and 
this is a good thing, because the more light, we have said, the better sight. 
Unfortunately, it also decreases the target contrast, which is bad. I am sure you 
have all experienced the effect in night driving, where the contrast is washed out 
for objects seen near oncoming headlights. 

The construction in the figure shows how to evaluate the effect of these two 
variables at once. I won’t go though the details here. Suffice it to say that we can 
compute these two effects for any particular set of sources of light that produce 
glare, and then go back through the calculations to tease out how much effect glare 


; t= | second 
as | minute 


Curve represents B,=0 


4 4. i 
Log 8 (foot Lemberts) 


Figure 9 
Blackwell 


3 
2 
0” 
8 
° 
4 
A 
a 
50% Accurocy 
| 
‘ 


will have upon visual performance. Figure 10 shows the result of analyses of 
this sort. 


Fic. 10.—Log Speed vs. Log B, 1 Minute Circle, By>=0.5B.—The curves shown 
in the figure are comparable with those in Figure 3. As before, we plot log speed 
against log background luminance for fixed accuracy, for the same visual task 
considered previously except now I have introduced By=0.5B by which I mean 
the amount of veiling luminance, as we call it, or scattered light that spills over 
where it doesn’t belong. In this figure, the scattered light equals half the luminance 
of the background luminance. I should point out that this is extremely bad glare. 
This would correspond to putting a row of bare fluorescent fixtures down about 
four feet above the back of this room, where I am trying to look, and requiring 
me to look within a few degrees of the fixtures. 
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Fic. 11—Log Speed vs. Log B, 4 Minute Circle, By=0.5B.—In this figure 
are presented the data for the 4 minute visual task in the presence of extreme glare. 
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Fic. 12.—Log Speed vs. Log B:B,=0, By=.5B.— It is of interest to compare 
the cases with uniform and nonuniform backgrounds, and determine whether we are 
worse off than when we started by adding more light but in the process adding 
more glare. 

Now we can solve this problem by comparing the corresponding figures. It 
should be apparent that there is a definite exchange rate for more light and less 
glare and that this can be determined from the figures for visual tasks of interest. 

In comparing actual installations I have been led to conclude that with most 
modern lighting installations, the ones that I think you will find pleasing to look 
at, the glare problem is not very important. In such cases, the more. light you 
provide, the better the eye will be able to see difficult things. I believe you will 
find in industry that if a man has a difficult visual job to perform you will want 
to give him far more light than the arbitrary levels of illumination which have 
sometimes been specified. The main principle | must get across is that, if you 


want to specify light, you must take account of the visual task the worker is 
required to perform. 


III. Oculomotor Functions 


The second basis upon which the quantity and quality of illumination may 
be judged is the adequacy of functioning of the oculomotor mechanisms. I will 
be reporting very new research which has been completed only within the last 
few weeks. 

We have wondered for years just what light levels do to the oculomotor 
systems. One of the questions we asked was, “If you alter the light level, what 


happens to the range of accommodation ?”” We have recently obtained some evidence 
on this point. 


Fic. 13.—Near-Point and Far-Point for Various Luminances.—In this figure 
are presented data collected by my associate, Dr. Mathew Alpern. He measured 
the near point, which is P.P. on the chart, and the far point, which is P.R., as a 
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SUBJECT HD 


CONJUGATE FOCUS ~ DIOPTERS 


LOG RETINAL ILLUMINANCE ~ TROLANDS 
Figure 13 


function of light level. When the light level is very high, (the maximum on the 
graph is approximately 60 foot-lamberts), the curves are far apart, meaning that 
the near point is in close and the far point is out far. These are young observers, 
so there is no problem of presbyopia here. 

As the light level was reduced, the near point moved out and the far point 
moved in, so that the amplitude of acommodation, which is the difference between 
these two, is definitely reduced as the light level is decreased. These data show 
that the eye is being penalized at reduced light levels through reduction in the range 
of accommodation. 

We have not made these measurements on presbyopes, but we hope to do 
so in the near future. 

Curiously enough, the near point curve has reached an asymptote at something 
like 60 foot-lamberts, but the far point curve has not. We are still getting 
improvements, which suggests that even more light than 60 foot-lamberts may 
improve the amplitude of accommodation of a normal observer. Without being 
able to prove it, I am certain that this is a good thing. The more amplitude of 
accommodation the better will be ocular performance and comfort. If nothing 
else, if we give the eye a difficult accommodation task which it can’t perform, there 
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is bound to be blurring, loss of visual perception and, I expect, an increasing 
amount of discomfort. 

Finally, we have some recent data on the relation between accommodative 
vergence and luminance. 


Fic. 14.—Subject in Shielded Room.—In this Figure is shown our apparatus 
for measuring accommodative vergence. We are able to measure where the eye 
is looking electrically. This is not a new trick. We have just developed the 
technique a little further than other workers. We put electrodes around the 
eyeball on two sides, as shown in the figure, and measured the potential difference 
between the electrodes, which changes as the eyeball rotates. It is as though the 
eyeball is a battery. Thus, as the eyeball rotates, it gives away its true position 
by the amount of current measured from the electrodes. We call this measure 
the ocular resting potential, or “O. R. P.” and use it to measure accommodative 
vergence. As you may know, when the eye accommodates, there is a reflexly 
attached vergence, or movement of the eye, to point the eyes inward when they 
accommodate up close. This movement tends to align corresponding points on the 
two retinae. 

Now, one of the interesting aspects of our work is that we now know that 
this reflex to converge in the case of near accommodation is not attached to the 
stimulus to accommodation, what one sees, but is attached to accommodation 
itself. Secondly, we have been measuring how well this accommodative vergence 
occurs reflexly at different light levels, the question being, does this reflex work 
well when there is not much light around, or does it work as well regardless of 
the light level? 


Figure 14 


Fic. 15.—Amplitude of Vergence for Various Luminances.—Figure 15 ex- 
hibits the results of very recent experiments. The amplitude of accommodative 
vergence is shown in relation to light intensity. Notice the fact that the amplitude 
of accommodative vergence is increasing rapidly even at the highest light level, , 
which represents nearly 1000 foot-lamberts. 
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What do these data mean to industrial health? We think they mean that when 
the eye is called upon to accommodate, the accommodative vergence reflex operates 
to a certain extent. At low light levels it doesn’t operate as completely as at high 
light levels. However, the eyes must maintain binocular fusion, and this requires 
that they perform total vergence appropriate to the state of accommodation. Now, 
the amount that the accommodative vergence provides is only a part of the total, 
and whatever additional vergence is required must be provided by a fusional 
vergence. Thus, the notion is that when you accommodate there is a_ reflex 
tendency to converge, which partly gets you into binocular alignment; then, if you 
are not all the way to alignment you must work your way in by a separate process, 
fusional convergence. It is believed that fusional vergence causes eyestrain, if you 
will allow me to use an inaccurate term. We can’t prove that this is correct but 
we expect to do so in time. We have found that accommodative vergence is 
critically affected by illumination, and so we have here, I believe, the beginnings 
of an understanding of what light does to the oculomotor mechanisms. There has 
been much loose talk over the years about physiological cost, the idea being that 
when the lighting isn’t adequate something hurts somewhere or something is 
being harmed somewhere. We all know that such a cost exists, but where is it 
and what is it, and how can you measure it? We think we are making progress 
with these recent data on the effects of light upon the oculomotor functions. 

In conclusion, I was requested to comment on the selection of color in industry. 
Remember, I have protected myself in advance by stating that I will not discuss 
anything concerning which I have no quantitative information. Accordingly, I 
will say nothing about color harmony or the esthetics of color. I will also say 
. nothing about color perception, because Commander Farnsworth has certainly 

covered that. I will merely say that there is only one conceivable difficulty I 


120 Vol. 16, August, 1957 


30 
4 ° 
° 
3 20 
| | 
10 

a 
2 3 4 

j 

CH 

4 


ILLUMINATION AND VISION 


can see for having something highly chromatic in your visual environment, Figure 
16 provides the way to tell this story. These data, as you see, are also very recent 
—1914. These are measurements of what we call chromatic aberration, that is, the 
extent to which the eye has a different focus for different wavelengths of light. 


Fic. 16.—Nutting Data.—The figure exhibits the relation between the accom- 
modation of the eye and the wavelength of light, for various states of accommoda- 
tion. 

Notice there is a region in the spectrum where focus is the same. This means 
the eye is somewhat color-corrected. However, over most of the spectrum, the 
focus varies with wavelength. There is a big change in focus between the green 
wavelengths of light and the blue wavelengths of light. As you can see from this 
chart, the eye is myopic to blue; that is, the blue rays come into focus in front 
of the retina. The red rays come to focus somewhat behind the retina, but this 
is not a very big effect by comparison. 

Now suppose something is blue and is a fairly long way off. Then the eye 
is relaxed as far as it can be relaxed for green light. Under these conditions, 
the eye has too much power for blue light. Well, what can be done about it? The 
eye can’t relax further, so that the distant object must blur. Thus there is one 
use of color that could conceivably cause trouble, the use of highly chromatic 
blue objects to be viewed at a distance. Interestingly enough, most of the colors 
used in interior design are in the spectral region over which the eye focus is about 
the same, where there isn’t presumably much trouble. 

There is one less obvious manner in which color could cause trouble to the 
eye. The eye is used to a certain relationship between accommodation and con- 
vergence. If you suddenly change the wavelength this relationship changes, be- 
cause the accommodative state of the eye is different for different wavelengths 
of light. Presumably the eye might not adjust properly to various wavelengths, 
since the usual linkage with convergence would be maladaptive. Such considera- 
tions would suggest that highly saturated colors at either end of the spectrum 
could cause ocular blurring, with accompanying losses in visual performance 
and comfort. 

This, then, is a summary of what I believe we know today in the general field 
of the effects of light on sight. Our knowledge will improve as research is 
continued. 


Vision Research Laboratories, Ann Arbor. 
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Questions and Answers by 
Dr. Franklin M. Foote 


CHAIRMAN FRANKLIN M, Foote.—There have 
been three questions passed up to me for answers. 
They seem a little bit loaded, but I will read them, 
and then probably won’t answer them satisfactorily. 

One is, “Would you be interested in learning 
of a solution to industry’s visual problem by suc- 
cessful use of a mobile eye clinic?” I know of 
two or three such eye clinics, and I would be most 
interested in hearing about this one after the 
meeting closes, at 5 o'clock or some time there- 
after, if the doctor will come up here to the right 
corner of the room, and any others who would like 
to hear about this program. 

Another question: “Does the American Medical 
Association approve of optometrists and M.D.’s 
teaming up for surveys of plants?” If you want 
an official answer to this question you should write 
to the Legal Department of the American Medical 
Association. I can only point out that there were 
a number of resolutions considered by the Section 
on Ophthalmology of the American Medical Asso- 
ciation about a year and a half ago, and one was 
to the effect that it was unethical for an ophthal- 
mologist to have an optometrist associated with 
him in his office; that did not pass the Section. 
There was another one to the effect that it was 
ethical for an ophthalmologist and optometrist to 
team up together in an office provided the optome- 
trist was serving in the capacity of technician and 
doing technical tests, but not serving as a profes- 
sional person. But that resoultion did not pass 
either. 

The next question is, “How may an eye care 
program be brought to the attention of industry 
ethically by an M.D.?” That is another very diffi- 
cult question, because I am not an expert on ethics. 
I don’t know who is. But one point about it is 
that in any industry there is usually a medical 
director or plant physician. If the ophthalmologist 
is interested in industrial work and wants to let 
the medical man there know that he has that 
particular interest which other men in the com- 
munity might not have, it would seem quite ethical 
for him to call up or to go to see the plant medical 
director and tell him about this interest. The plant 
medical director is in a position to evaluate whether 
he wants to call this man in as a consultant or refer 
cases to him along with other ophthalmologists in 
the community. I think it would probably be un- 
ethical for an oculist to bypass the plant medical 
department and go to the plant manager, the presi- 
dent of the company or the chairman of the board 
just because that man happened to come to his 
office for an eye examination, and try to sell him 
on the idea of being employed by the company 
as the eve consultant. I would think it would be 
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better to work with the people in the medical 
department. 


Questions and Answers by 
Dr. Michael J. Hogan 


Some one asked the question about using a 
room for measuring visual acuity which is smaller 
than twenty feet. This can be done by hanging 
an ordinary mirror on one end of the room and 
getting what is called a reversed letter chart. The 
letters are printed backward; the subject or person 
being tested stands to one side of the chart and 
looks across the room at the mirror and sees the 
letters again reversed in their proper position, 
and this has the effect of testing at twenty feet 
instead of ten, because the letters are seen as far 
behind the mirror as they are in front. 

Some one asked that I discuss a little more on 
midvision testing. As I said, this cannot be done 
with an ordinary screening device. It has to be 
done in the office of a professional person. The 
testing card which is used is placed at twenty to 
thirty inches and the proper lenses are placed be- 
fore the eyes to give the subject the maximum 
acuity at that range. 

Question: An employee has lost the vision in 
one eye. Would he be satisfactory for limited 
driving of an automobile in an industrial yard? 

Most State Motor Vehicle Departments will 
grant driver’s licenses to one-eyed persons. How- 
ever, persons driving busses and trucks in interstate 
traffic cannot get driver’s licenses where they have 
vision in only one eye. I think if the person is an 
experienced driver and he is going to stay in that 
yard he would be a perfectly safe driver. 

The State Motor Vehicle Department of 
California is not opposed to the granting of 
licenses to one-eyed drivers and to persons with 
vision lower than the minimum standard, which is 
stated on the books. Limited licenses are given in 
such cases. 

Question: How do we evaluate and classify a 
monocular depth perception in cases where stereop- 
sis is absent? 

Monocular depth perception can be estimated 
with a Howard Dolman apparatus if the person 
being tested is not allowed to move his head too 
much, Actually, if he is allowed to move his head, 
he can get just as good stereopsis as a person with 
vision in both eyes. 

Question: Does a man have depth perception 
with monocular vision? 

He does; yes. 

Question: If a man is tested on an instrument 
and has normal vision, and then later loses vision 
in one eye, as a result of an industrial injury, will 
the State Compensation Commissions accept a con- 
version from a machine reading to Snellen or 
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Jaeger equivalents for a basis of comparison of 
vision at the time of employment versus what it 
was after the injury? 

According to all the information I have been 
able to uncover, the readings on the various ma- 
chines, scanning machines, correspond fairly closely 
to the Snellen chart readings when taken under 
standard conditions, and I believe that within 
reason they would accept a conversion, 7 

Question: If one minute of visual angle is the 
smallest visible, how is it I can see a telegraph 
wire at one thousand yards, the visual angle of 
which is a fraction of a second? 

Actually, the visual angle across the length of 
the wire is much greater than the minimum vision. 
The diameter of the wire may be a fraction of a 
second, but the length of the wire is much greater 
than a fraction of a second and therefore is visible. 
If you had that same size as long as it was wide 
you would not see it. 

Question: How do you record Jaeger results? 

The Jaeger card is standardized according to the 
size of print. J-1 is the smallest; J-2 next larger, 
and so forth. So when you record it, you just say 
J-1, J-2, J-3 and so forth. 


Questions and Answers by 
Col. Austin Lowrey 


I have a question that has been asked: “What 
level of visual acuity is minimal for safety for 
(1) locomotive engineers; (2) bus drivers; (3) 
multi-engine pilots of aircraft?” 

I would say that the minimum corrected visual 
acuity for these three jobs, is 20/20 for each eye. 
Uncorrected vision could be less than that. 

I have a question, “Why do you not approve 
of the visual profile?” and then another question 
on the same card, “Do you object to the method 
or its use?” 

I object to the use of a screening device as a 
means of predicting job performance because the 
correlation between profiles produced by screening 
devices and job performance in general is poor. 
I do think that I would agree with the writer of 
that question that we think of the term “visual 
profile’ more or less idealistically, and perhaps 
some day it will mean a great deal more than it 
does today because our standards will be more 
realistic. 

I have a question, “Is the Stereoptor a good 
piece of equipment to use for testing depth per- 
ception ?” 

Based on the knowledge that I have of this 
instrument, it is a good one, although I will say 
that our techniques for depth perception and 
stereopsis are far short of being ideal. There are 
several things that we do test when we test the 
so-called functions of stereopsis, and again there 


is a poor correlation between the tests and job 
performance. 
That is all. 


Questions to Commander Farnsworth 


Question: “Could you suggest further references 
on the theory of color vision?” 

Answer: 1 recommend, W. D. Wright, “Re- 
searches on Normal and Defective Color Vision”. 

Question: “Is the Ortho-Rater color test ac- 
curate and what does it test?” 

Answer: The O-R color slide is as accurate a 
reproduction of four pseudo-isochromatic test 
plates as modern photography can produce. It’s 
purpose is to separate persons of normal color 
vision from those with any degree of color defi- 
ciency. The reliability and validity of a four-item 
test, of course, cannot be as high as a test com- 
posed of more items. 

Question: “How can we utilize an experienced 
driver with a good safety record who was later 
found to have marked deficiency in color percep- 
tion ?” 

Answer: We must remember that color defi- 
ciency is just one of the many traits that sum up 
to a man’s total capacity on the job. Before hiring, 
we make a prediction by analyzing as many traits 
of applicants as we can so as to improve our 
chances of selecting men who will turn out well. 
Afterward, if the man succeeds on a job, it means 
that he has probably compensated for the traits 
in which he is deficient—including color vision. 
Sometimes a lower grade of color vision can be 
established for retention of a successful employee 
than is used in initial selection. In other words, 
testing of a man of experience has to be ap- 
proached from a different standpoint than when 
you are looking at him as an applicant and saying, 
“What are the chances of this man making a safe, 
efficient record on the job?” 

Question: “What can you tell us about the in- 
fluence of tinted windshields on night driving 
safety, acuity, color perception, traffic signals and 
so on?” 

Answer: The special hazard in night driving is 
insufficiency of light. Every effort has been made 
by lighting engineers to achieve the very maximum 
of illumination. Now, why turn around and reduce 
that illumination? Put it this way: any filter- 
colored eyeglass or windshield—that decreases il- 
lumination will decrease visibility and color 
discrimination. To the extent that it decreases 
vision, to that extent will any filter increase the 
possibility of accidents at night. 

Question: “Might the subjects pass the plates 
and fail the Dichotomous as well as vice versa?” 

Answer: No. Each of the tests I have men- 
tioned are of distinctly different levels of 
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difficulty. Pseudo-isochromatic plates are most 
stringent, the Lantern is somewhat easier and all 
but the severely color defective pass the Dichoto- 
mous with ease. In other words, they definitely 
separate color defective people into three different 
classes of deficiency. 


Question: “Is there confusion regarding color 
defectiveness versus color discrimination, and is it 
not possible that a color defective person may 
have higher color discrimination than a normal?” 


Answer: This is true, and the question points 
up a very important distinction. For color dis- 
crimination, a test such as the F-M 100 Hue Test * 
should be used. It reveals that mild color defectives 
who fail pseudo-isochromatic plates may have ex- 
cellent general discrimination. Color printing 
plants, dye works and paint manufacturers are 
often found to have successful color inspectors 
who are mildly color defective. This is one of the 
reasons why we recommend the Lantern for test- 
ing submariners, locomotive engineers and aviators. 
Such applicants may have sufficient color dis- 
crimination to overcome their slight color defi- 
ciency. 

(4) Munsell Color Company, 10 East Franklin 
Street, Baltimore 2, Md. 


Questions and Answers by 
Dr. Edmund B. Spaeth 


The question as to how doctors can be compelled 
to accept these revisions when evaluating in- 
dustrial ocular injuries is quite important. The 
material to assist them toward decisions is herein 
and available. If they decline to use this material, 
there is nothing one can do about it. Unfor- 
tunately, the determination of disability in many 
cases continues to be based upon “calculated senti- 
ment and inept medical testimony.” 


The second question as to the estimation of 
visual efficiency in a certain case is easily 
answered. The estimation of the visual efficiency 
is as outlined in the subject matter of the original 
text, and this covers such cases without any 
possibility of controversy. The formulae are not 
difficult—the important factor is to evaluate the 
various aspects in every case; i. e., visual acuity 
for near, the state of the ocular motility, and the 
extent of the fields of vision. 
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Questions and Answers by 
Dr. H. Richard Blackwell 


I have two questions: “Is the need for good 
illumination shown to be greater in older individ- 
uals, for example, over forty and over sixty?” 

We haven’t studied this problem but other in- 
vestigators have. Weston in England has shown 
very clearly that when a person gets older, he needs 
more light, for reasons which are not understood. 
What we are trying to do is to discover what 
causes the need for more light, and in particular 
to find out what tasks require more light. For 
example, I made the remark that we should study 
the accommodative vergence response of pres- 
byopes, and we do hope to do so. My suspicion 
is that we will find out that the older worker can 
benefit more by increased light than the younger 
worker, for a combination of reasons, involving 
improved discrimination and better oculomotor 
functioning. 

Second, “Do you feel that your equation of 
quality and quantity of light holds for the per- 
formance of tasks of long duration?” 

Our tasks were of long duration. The observers 
sat for two hours and looked at test objects con- 
tinuously. 

Third, “Glare may increase fatigue. Have you 
studied long-duration performance?” Yes, we have. 

There is one interesting aspect of the tinted 
windshield problem which Commander Farnsworth 
did not comment on. If you see glare from head- 
lights without a tinted windshield, it is very un- 
comfortable. If you tint your windshield, the glare 
is reduced, and as you make it darker and darker 
the glare gets less and less. The question always 
was, “Do you see worse even though you seem to 
feel better, or do you see better because you feel 
better?”, and there is a lot of nonsense, in my 
opinion, on this particular question. Experiments 
show that even though you feel better, this has 
nothing to do with how well you see. In my own 
opinion, there are two different problems here: first, 
how well you can see; and second, how happy 
you are about it. How happy you are about it is 
at present very difficult to quantify, and doesn’t 
seem to have much to do with how well you see, 
unless you get so uncomfortable that you close 
your eyes, in which case I grant that your per- 
formance will decrease. 
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The Biological Action of Degussa Submicron 


Amorphous Silica Dust (Dow Corning Silica) 


I. Inhalation Studies on Rats 


Within the past decade a number of com- 
mercial products composed of exceedingly 
small silica particles (ranging from 32 to 
4000 A. in size) have appeared on the 
market both in the United States and in 
European countries. As these substances are 
composed of almost 100% SiOz and gen- 
erally are manufactured, packaged, and used 
under circumstances in which potential hu- 
man exposures to the dust may occur, in- 
terest in their toxicity has naturally arisen. 
These silicas also are of tremendous theo- 
retical interest in that all of them have a 
large surface area (range from <40 to 
>400m?/gram). Research conducted during 
the past several decades has already estab- 
lished the fact that the pathogenicity of 
quartz particles is to some degree inversely 
proportional to particle size and, within 
limits, somewhat directly proportional to the 
surface area of the particles. Theoretically, 
too, the quartz particles, though themselves 
crystalline, are covered by at least a molecu- 
lar layer of amorphous silica. As there is 
abundant evidence in favor of the surface 
action of quartz particles, it seems likely that 
this amorphous layer may mediate some of 
the toxic action of the quartz dust. For this 
reason a study of the amorphous silica dusts 
should prove of value. 

It is further known that the submicron 
silica products made by separate companies 
differ to a variable extent in their surface 
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properties. Thus, apart from variations in 
ultimate size and surface area, the compo- 
nent particles of some of the dusts are coated 
with organic substances. In many of the 
silicas there are variable traces of nonsilice- 
ous elements, such as Al, Ca, Cu, Cr, Fe, 
Mg, Mn, Ni, Pb, Ti, V, Zn, Zr, Sr, Na. 
At least some of these elements have been 
deliberately added, while others occur as 
contaminants. The occurrence of these vari- 
ations may influence the biological properties 
of the dusts. 

Because the majority of these siliceous 
products are highly resistant to physical and 
chemical attack, they are well adapted to a 
wide range of applications. Human expo- 
sures may therefore occur under the least 
suspected circumstances. Some of the uses 
of these substances, as enumerated by Dr. 
R. R. McGregor,* of the Dow Corning 
Corporation, are the following: fillers for 
rubber, for paint, and for paper; grease 
thickener; diluent for insecticides; carrying 
agent for catalysts; dry-grinding aid; filtra- 
tion aid; anticaking and bulking agent; in- 
sulation of freezers; component of various 
products including salves, cosmetics, tooth- 
paste, polishes, paint removers, adhesives, 
and ink; agent for delustering light bulbs; 
textile improver, and mold lubricants. These 
uses are being extended yearly. 

In some industries workmen grossly ex- 
posed to the dusts have reported irritation 
of the upper respiratory passages and in 
others the substances have become suspect 
as etiologic agents in bronchitis. In yet other 


* Personal communication to the authors. 
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industries exposures have occurred without 
provoking any complaints. The potential 
pathogenicity of some varieties of finely 
divided amorphous silica dusts originally 
came under scrutiny when the epidemic of 
acute and chronic human pulmonary disease, 
now associated with beryllium exposure, first 
provoked attention in the fluorescent tube 
manufacturing industry 16 years ago. The 
possibility that the particulate silicates and 
amorphous silica which were present in the 
fluorescent powders may have modified the 
beryllium-induced lesion has not been entire- 
ly disproved. The specific pulmonary lesions 
observed in workers in the fluorescent tube 
industry differ sufficiently from those found 
in victims of beryllium poisoning in other 
industries to focus attention on the com- 
ponents of the fluorescent tube coatings, 
other than the beryllium oxide, as co-deter- 
minants of the specific lesions. 

A further practical question has already 
arisen about these dusts. Assuming that they 
prove to be harmful under certain circum- 
stances, the vexing problem of safety toler- 
ances will have to be settled. At present the 
hygiene codes of various countries and states 
express the so-called safety limits for silica- 
containing dusts in terms of particle counts, 
particle sizes, and free silica content. 
Enough is known about the inadequacies of 
these codes to indicate the need for more 
precise information about the subject. A 
vast amount of research will be required 
before the tolerances for the new submicron 
amorphous silica dusts can be codified. At 
the Saranac Laboratory we have already 
conducted a diversity of studies on 18 vari- 
eties of these amorphous silica dusts fur- 
nished to us by six different manufacturers. 
Our experience has brought to light that 
these dusts vary greatly in respect to their 
toxicity for different animals and that the 
route of introduction of the dusts, together 
with their dosages, further modify their 
pathogenicity. Some of these silicas were 
arc furnace products made by heating sili- 
ceous materials; some were manufactured 
by dehydrating sodium silicate with the use 
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of alcohol; others were produced by burning 
substances such as ethyl silicate with oxygen 
or by burning silicon tetrachloride in air by 
means of a hydrogen flame; in several fur- 
ther instances, the precise manufacturing 
methods have remained undisclosed to us 
as the products have not yet been patented 
or are still in the experimental stage. This 
serves but to illustrate the complexity of 
the problem as presented to the experimental 
pathologist charged with the responsibility 
of determining the toxicity of the separate 
products. 

Twenty years ago Gardner ' conducted an 
abbreviated investigation at the Saranac 
Laboratory on a silica dust composed of 
particles reported to be about 20 A. units 
in size. This substance was an undesirable 
by-product of a commercial process. It was 
either sent in for study because of its poten- 
tially dangerous nature, or it was sought 
out by Gardner, who had become very inter- 
ested in the problem of submicron silica par- 
ticles ever since he demonstrated the acutely 
lethal effect of intravenously introduced 
colloidal silica versus the innocuous nature 
of injected silicic acid and the delayed 
pathogenicity of particulate silica. The in- 
halation phase of Gardner’s study unfortu- 
nately had to be discontinued after only five 
months of exposure because pneumonia had 
caused the majority of the animals to die. 
Gardner recorded, however, that in spite of 
the premature termination of the experiment 
there was enough reaction in the surviving 
animals to permit the inference that, not- 
withstanding the small size of the inhaled 
particles, a biologically significant quantity 
of them had been retained in the lungs. 


Further interest in the pathogenic poten- 
tialities of the submicron silicas arose out 
of the occurrence of progressive interstitial 
pulmonary fibrosis (Shaver’s disease) in 
workmen exposed to fumes liberated when 
bauxite ore is fused. 


In the opinion of 
several investigators * the etiologic agent in 
this disease was the fine particulate amor- 
phous silica which constituted a significant 
component of this fume. 


Vol. 16, August, 1957 


| 

4 

t 

| 

| 

Be 

| 


SUBMICRON SILICA DUST—BIOLOGICAL ACTION 


While several reports on the comparative 
pathogenicity of some of the amorphous 
silica dusts which have been biologically 
assayed at the Saranac Laboratory have been 
submitted to manufacturing agencies, it has 
been the policy thus far to delay publica- 
tion of the findings until these substances 
are somewhat better understood. A sum- 
marized record of the results of studies on 
one of these products (Hi-Sil) prepared by 
Vorwald * has, however, been widely circu- 
lated by the manufacturer. Since then, two 
reports on a large-scale inhalation study 
conducted on rabbits with Degussa Aerosil 
have come from Germany (Jotten,* Gart- 
ner®). It is appropriate, therefore, that our 
first full report on the various submicron 
amorphous silica dusts already studied shall 
be on the Degussa product, Dow Corning 
Silica, made available to us. The study was 
initiated by the Dow Corning Corporation of 
Midland, Mich., and co-sponsored by God- 
frey L. Cabot, Inc., of Boston, whose prod- 
uct, Cab-O-Sil, is also a flame-produced 
silica manufactured by the same method as 
that employed in preparing Degussa silica. 


Materials and Methods 


According to information furnished joint- 
ly by Dow Corning Corporation and God- 
frey L. Cabot, Inc., the following particulars 
may be recorded concerning the manufacture 
and characteristics of the dust employed in 
this study: 

The small particle size of flame-produced silica 
‘soot” depends on the very rapid hydrolysis of 
highly diluted silicon tetrachloride vapors at high 
temperatures. Primary combustion air-contain- 
ing silicon tetrachloride vapor is mixed with 
hydrogen in a burner to provide good dispersion 
prior to combustion. Combustion, giving a tem- 
perature of about 1000°C, provides water vapor 
and the good dispersion of gases allows the hydrol- 
ysis to proceed rapidly to completion as follows: 

Si0.+ 4HCl 

By varying the conditions of hydrolysis, flame 
silicas with surface areas ranging from 100 to 400 
square meters per gram may be obtained. 

The hydrochloric acid produced by this reaction 
is later absorbed in water and recovered. The 
silica product is collected and is further heated in 
a stream of warm moist air until the absorbed 
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hydrochloric acid is given off. The silica produced 
in this manner may have a density of 1.0 to 1.5 
pounds per cubic foot and can be pressed or densi- 
fied for ease in handling to 5 or more pounds per 
cubic foot. 

Pyrogenic silicas produced by the vapor phase 
flame hydrolysis method differ greatly from the 
normal types of chemically prepared silicas now 
available on the market. The pyrogenic silicas are 
characterized by extreme particle discretion, uni- 
form particle size, and extreme chemical purity. 
The conventional silicas are usually prepared by 
variations of the classic precipitation reaction of 
sodium silicate and sulphuric acid. Such silicas 
may be washed, dried, and calcined, and in some 
cases their surface chemistry may be modified by 
reaction of the surface hydroxyl groups by proc- 
esses such as esterification. These products are 
generally characterized by strongly agglomerated, 
porous gel structures which contain as much as 
10 to 15 per cent free and bound water. 

The flame silicas + have an extremely interesting 
physical chemistry. In organic vehicles, the silica 
is capable of producing non-Newtonian rheological 
characteristics, which are a function of the 
polarity of the vehicle. In most applications, it is 
the ability to produce a controlled thixotropy which 
makes this material commercially valuable. In 
addition, the flame silicas are excellent reinforcing 
agents for all elastomers. This extremely fine 
particle product, with great thermal stability and 
chemical inertness, is also valuable as a substrate 
for chemically active media in applications such as 
reproduction paper and other paper coatings. The 
material is of interest to the pharmaceutical and 
cosmetic industries because of its fineness, chemical 
purity, and lack of abrasive characteristics. The 
combination of the particular physical properties 
of this silica makes it valuable to the paint, varnish, 
ink, rubber, plastic, and adhesive industries and in 
other fields because it adds a new dimension to the 
problems of formulation. 


Our studies were conducted with a single 
batch of the Degussa dust shipped to the 
Laboratory in sealed containers. On arrival 
the material was subjected to careful study 
in order to determine its physical and chem- 
ical properties. The results obtained are 
summarized in Table 1. Unfortunately, we 
were not able to compare directly the De- 
gussa dust used by us with the original 
Degussa dust, known as Aerosil, manufac- 


+ Flame-produced silicas of this type are avail- 
able from the Dow Corning Corporation, Midland, 
Mich., as “Dow Corning Silica” or from Godfrey 
L. Cabot, Inc., Boston, as “CAB-O-SIL.” 
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TABLE 1.—Physical and Chemical Properties of 
Degussa Submicron Amorphous Silica 
Dust (Dow Corning Silica) 


1, Chemical Composition 


Ignition loss 
(Below 105C 
(Above 105C 


Total 
Additional elements revealed 
by spectrograph 3 analysis 
a 


Cu 
Fe 


Mg 
2. X-Ray Characteristics 
Amorphous patte: 
No evidence of crystallinity 
3. Petrographic Features 
Particles were isotropic 
Index of refraction shout 1,46 
4. Particle Size 
Electron microscopy: 


average particle size about a A. 
Optical microscopy: 


clusters measured as fo) 


5. Densit 
Partic 
Bulk product 
6. Surface Area (B.E. 7. 
7. Electrophoretic Mobility: 0.000301 compefveltjem. 
8. Heat of Wetting with Water: erg/cm.* 


23.1+1.0 joules/gram 
9. Solubility in Water: 162 mg/l 
10. pH in Water: 4.3 
11. Albumin Adsorption Capacity: 179 mg/gram 


tured by the Degussa company in Germany. 
Electron photomicrographs of both products 
(Figs. 1 and 2) were, however, available 
and a comparison of these photographs sug- 
gests that there are significant differences 
between the two products in respect to par- 
ticle size and propensity to flocculate. 
Jotten * also mentions in his report that the 
dust particles were of uniform structure 
and 10-15myp in size, with a tendency to 
agglomerate in chain-like fashion. This sug- 
gests that the product studied by him may 
not have been identical with that which we 
investigated. 

The experiments comprised two basic 
groups, namely, inhalation studies and injec- 
tion studies. The nature and extent of the 
separate procedures followed have been 
summarized in Table 2. The animals in the 
various experiments were observed for ex- 
tended periods, in some cases as long as 
three years. At appropriate intervals small 


Fig. 1—An electron photomicrograph of Degussa submicron amorphous silica dust as 
manufactured by the Dow Corning Corporation. Unpressed Dow Corning Silica, chromium 
shadowed, dispersed in white petrolatum and then cleaned with benzene; reduced slightly 


from mag. 


>< 25,900 (Dow Chemical Company Physical Research Laboratory). 
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” Fig. 2.—An electron photomicrograph of the Aerosil manufactured by the Degussa Com 


pany, Germany, by burning silicon tetrachloride in hydrogen and air; 
mag. X 29,000 (Dow Chemical Company Physical Research Laboratory). 


sample batches of animals were killed for 
study. In the inhalation experiments animals 
of three types (rat, guinea pig, rabbit) were 
kept in a room, approximately 8 by 8 by 12 
ft. in dimension, in which an atmospheric 
suspension of the dust was maintained. For 
about 8 hours each weekday a dusting device 
disseminated the silica dust throughout the 
room; during the remaining 16 hours the 
dust was allowed to settle, but a small 
amount remained suspended in the atmos- 
phere of the room indefinitely. In the dust- 
disseminating apparatus a dust cloud was 
first created in a small supply box by me- 
chanical agitation aided by a jet of com- 
pressed air; this air-suspended dust was 
then drawn into a stream of compressed air 
at the throat of a Venturi tube and blown 
into the atmosphere of the dust room. Im- 
pingement of the suspended dust when it 
entered the Venturi tube tended to break up 
clumps, and discharge of the compressed air 
stream promoted the dissemination of the 
dust in the room. The animals under study 
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reduced slightly from 


were kept in cages placed in rows along the 
walls of the room, and since the sides of 
the cages were made of coarse-mesh wire 
screen the air-suspended dust diffused read- 
ily to the interior of the cages. 

During the inhalation phases of the ex- 
periments the concentration of atmospheric 
particles in the dust room was determined 
weekly on samples collected by the millipore 
filter method. The standard impinger meth- 
od was not suitable because the collecting 
efficiency of the instrument for submicron 
particles is too low and because most of the 
fine particles would not be revealed by the 
standard light field technique. The electro- 
static sampler, on being tested with the 
Degussa dust, yielded erratic and unreliable 
results and therefore was not used for rou- 
tine determinations of dust concentrations. 

Occasionally the millipore samples yielded 
a moderately high value. For most samples 
the dust concentration was, however, be- 
tween 0.7 and 2.4 mg. per cubic foot of air 
(Fig. 3). The over-all average for the ex- 
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VARIATIONS IN DUST CONCENTRATIONS 
IN EXPOSURE CHAMBERS 
DEGUSSA AMORPHOUS SILICA DUST 


PR+ 


5 

AR. -- -- 


. AVERAGE 


1953 


Fig. 3.—Graph showing variations in the concentration of the Degussa submicron amor- 
phous silica aerosol maintained in the dust room as determined by the millipore filter method. 
Extreme variations may have been due to erratic behavior of the disseminating apparatus, 
but may also have been influenced by climatic factors which prompted or counteracted the 
flocculation of ultimate particles. The probabilities P. R.+ and P. R.— represent one 
standard deviation. 


SIZE FREQUENCIES OF PARTICLES 
DEGUSSA AMORPHOUS SILICA DUST 


AIR-BORNE DUST 


MICRONS 


RANDOM SAMPLE 
FROM BULK 


i 
O.l Oo51 2 10 20 30 50 90 95 99 99.9 
PERCENTAGE 


__ Fig. 4—Graph showing the size-frequency distribution of Degussa submicron amorphous 
silica dust as determined by means of light-field optical microscopy. As the ultimate particles 
of amc aerosol are approximately 200 A. in size, it is apparent that particle clumps only were 
counted. 


periment was 1.5 mg. per cubic foot of air. dust room with an electrostatic precipitator 
Size-frequency studies of the bulk prod- are represented by the graphs of Figure 4. 
uct and of atmospheric dust collected in the The chart is based upon data obtained by 
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TABLE 2.—An Investigation of the Biologic Action of Degussa Submicron 
Amorphous Silica Dust (Dow Corning Silica): Summary of Component 


Experiments 


Type of Experiment 


Animals Used 


Deaths Duration of Experiment 
Species Number % 


Inhalation Series: Average Dust Concentration of 1.5 Mg. per Cubic Foot of Air 


Continuous Exposure to Degussa Aerosol 
Pilot Run 


Rat 5 0 1 mo. 
G. Pig Ss 0 1 mo. 
Long Term Rat 35 74 up to 12 mo. 
G. Pig 45 4 up to 24 mo. 
Rabbit 10 80 up to 12 mo. 
Elimination of Silica: Exposure to aaees Aerosol ae by Period in Normal Air 
at 


Dust exposure of 6 months 44 6 mo. plus up to 12 mo. in normal air 
Dust exposure of 12 months G. Pig 9 0 12 mo. plus up to 13 m=. : air 
Dust exposure of 24 months G. Pig 18 0 24 mo. plus up to 12 mo. in nor “al air 
Transient exposure to Degussa Aerosol 
Animals never previously exposed to dust G. Pig 9 0 8 hr. 
G. Pig + 0 24 br 
Animals reexposed to dust after 12 ~ “Torre in G. Pig : 0 8 hr. 
dust and 1 month in normal a’ G. Pig 0 24 hr. 
Infection Study: ae to Degussa Levene plus Infection with R,; Tubercle Bacilli 
Simultaneous phase G. Pig 4 up to 24 mo. 
(Repeat experiment) G. Pig is 0 up to 15 mo. 
Reactivation phase 
After 2 months of infection G. Pig 10 0 up to 12 mo. 
After 4 months of infection G. Pig 8 0 up to 12 mo. 
After 6 months of infection G. Pig 8 0 up to 15 mo. 
Control: infection only; no dust exposure & Pig 34 3 up to 24 mo. 
(Repeat experiment) G. Pig 4 0 up to 15 mo. 
Injection Series 
Intraperitoneal injection: 0.2 gm. of dust per animal . Pig 2 100 2 days 
Intravenous injection: 1.0 gm. of dust per animal Rabbit 5 80 up to 10 mo. 
Intratracheal injection: 
150 mg. of dust per animal G. Pig s 25 up to 12 mo. 
75 mg. of dust per animal Rat 10 70 up to 8 mo. 


transmitted light microscopy at a magnifica- 
tion of 1200 X. Since the ultimate sub- 
micron particle of Degussa dust is too small 
to be resolved by such an optical system, 
the graphs really represent groups or clumps 
rather than individual particles. 

The component phases of the experiments 
conducted on rats, guinea pigs, and rabbits 
have been summarized in Table 2. The 
present paper will deal only with the obser- 
vations made on the rats ¢ subjected to the 
Degussa dust by inhalation. Reports on the 
investigations using guinea pigs and rabbits 
and on the results obtained by means of the 
injection studies will be published subse- 
quently. 

Of the 65 rats which were introduced into 
the dust room, 5 were used in a pilot run; 35 


t All the rats used in this study were of the 
Wistar albino strain and were obtained from 
Sprague-Dawley, Madison, Wis. Half were males 
and half were females. Their weights ranged 
from 200 to 240 gm. at the start of the experi- 
ments. As controls 42 rats of the same strain and 
source were allowed to reside in a normal environ- 
ment and were brought to autopsy at six-months 
intervals. For the experimental group only those 
pathological conditions which were not present in 
the control animals are reported. 
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were for the purpose of studying the dust 
reaction during a year of exposure (ex- 
posure phase), and 25 were for the purpose 
of studying the pulmonary reaction of the 
animal following removal from dust after a 
period of six months’ exposure to the dust 
(elimination phase). Before six months had 
passed 11 of the rats had been eliminated, 3 
having been killed at the end of three 
months, and the remaining 8 having died at 
three to five-months. In all instances the 
deaths were apparently pulmonary in origin 
and were apparently linked with the patho- 
logical processes evoked by the dust. At the 
six months’ period three animals were killed 
for study. Of the 25 animals which survived 
6 months and continued to remain in the 
dust chamber, 17 died from similar pulmo- 
nary causes and 4 from other causes, so 
that only 4 were available for deliberate 
sacrificing at the 9th and 12th months. Of 
the 20 animals which were transferred to 
normal air, after a six months’ period of 
residence in the dust chamber, 7 died, 6 of 
these succumbing shortly after removal from 
the dust. In only three were the deaths 
due to pulmonary causes, four of the animals 
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TABLE 3.—The Effects of Inhaled Degussa Submicron Amorphous Silica Dust (Dow 


Corning Silica) on the Lungs of Rats: 


Tissue Chemistry 


Chemical Analyses 


Period 
in Weight of Lungs, 
Normal Gm. 


Amount of 
Lung Ash, Mg. 


Ratios of Ash, SiO», 
and Lung Weights 


Ash, Ash, SiO», 


of % of % of SiO, 
Amount of S10; Whole 


Dried Dried % of 
in Lung Ash, Mg. Lung Lung Lung Ash 


Air, 
Days Range Average Range Average 
That Were for Course of Dust Exposure 


90 aw 2-3.6 3.4 
4.9 
4.6-5.0 4.8 


18. $28. 2 


it 
12.1-15.0 
14.1-18.2 


Range Average Average Average Aveiage Average 


0.54 
0.43 
0.55 


having perished from rete-cell sarcomatosis 
of the lymphoid tissue. 


Exposure Phase 


Chemical Determinations.—The observa- 
tions for the series of rats continuously 


LUNGS OF RATS EXPOSED BY INHALATION 
TO 
DEGUSSA AMORPHOUS SILICA DUST 


A-CONTINUOUS EXPOSURE TO DUST 
B- NORMAL AIR AFTER 6 MONTHS EXPOSURE TO DUST 


WEIGHT, MILLIGRAMS 


PERIOD IN NORMAL AIR, MONTHS 


Fig. 5—Graph showing the progressive increase 
of mineral matter in the lungs of rats exposed to 
Degussa submicron amorphous silica dust and its 
subsequent decrease on cessation of dust exposure. 
The lung ash was determined after incinerating 
the tissues overnight in a muffle furnace at 450C. 
The silica determinations were made by the stand- 
ard gravimetric methods. 
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exposed to the Degussa aerosol for periods 
up to 12 months are presented in Table 3, 
and the main trends are graphically por- 
trayed in Figure 5. On the single animal 
that survived the entire 12 months of dust 
exposure histological studies were made, but 
since the tissue had been fixed in Zenker’s 
solution, chemical analysis was omitted. No 
examinations for the mineral content of the 
rat lungs were conducted on animals that 
had died spontaneously either during the 
course of the exposure or subsequently while 
residing in normal air. 

As may be noted, the range of variation 
of the weights of lung ash or of SiQy in 
the ash was not excessive in the animals 
killed during the course of their exposure. 
The rapid rate of increase of the lung 
ash was quite disproportionate to the rate 
of accumulation of the silica. Whereas the 
latter reached almost a peak concentration 
within the first three months from the 
commencement of the dust exposure, the 
lung ash increased steadily until the dust 
exposure was discontinued. It may be noted, 
too, that the lung ash increments roughly 
paralleled the weight increases of the lungs 
as a whole and of the desiccated lung. The 
ratio of SiO» content of the lung expressed 
as a percentage of the dried lung and of the 
lung ash was appreciably elevated within 
three months from the start of the dust 
exposure and then decreased slowly. 
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TaBLe 4.—The Effects of Inhaled Degussa S ubmicron Amorphous Silica Dust 
(Dow Corning Silica) on the Lungs of Rats: Autopsy Findings 


250,251,252 
254,255,256 180 
237,238,239 180 


Exposure Period in 
Rat, No. to Dust, Normal Air, Focal Congestion Emphysema Lymph Node 
Days Days Pigmenta- Enlarge- 


ment 
Animals That Were Killed for Study During the Course of Dust Exposure 
201,202,203 90 os + ++ 
217,218,232 180 +++ +--+ ++ +> 
228,229,230 270 - rrr +++ +++ +++ 
245 360 +++ +++ ++++ 
Animals That Died During the Course of Dust Exposure 

204,205,206 100-120 +++ ++ +- 
208,209,216,247 130-160 TTT +r +++ +++ 
210,211,221,222 190-220 +++ + +++ + 
213,224,225,226,227,242,243 240-270 +44 +44 ++ 
214,215,244 + as 


315-350 +++ +++ ++ 
Animals That Were Killed for Study After Being _— to a for Six = and Then cas Normal Air 


180 + - + + 
270 + + + 


240,258, 259,260 180 360 ++ 
Animals That Died After Being Exposed to Dust for Six Months and Then Transferred to Normal Air 

238,236,283 180 100-170 +44 

235,236,253 


Gross Pathology 


tion 


Autopsy Findings.—The most conspicuous 
macroscopically discernible changes in the 
rats after exposure to the dust had been 
continued for three months (Table 4) con- 
sisted of small, dark-pink, discrete but ir- 
regular subpleural foci of reaction. These 
lesions were moderately profusely scattered 
throughout both lungs. In addition, a 
generally congested condition of the lungs 
prevailed. The tracheobronchial lymph 
nodes were enlarged and firm. None of the 
other organs showed any significant changes. 
Towards the end of four months of 
exposure an incipient tendency to emphy- 
sema could be discerned macroscopically. 
The lungs were somewhat distended, and 
superficial alveoli were dilated. There was 
also a tendency for focal atelectasis to occur 
in the lungs of some of the rats during 
the fourth and fifth month of exposure. 
Such atelectasis was not seen at later or 
earlier stages. In some of the animals which 
died during this earlier phase the lymph 
nodes were greatly enlarged and firm, but 
this was a felatively uncommon feature. 
The lungs of animals killed after six 
months of exposure showed a very heavy 
concentration of small, distinct, irregular, 
reddish-tan foci of dust reaction and ex- 
hibited a moderately well-established gen- 
eralized emphysema. The lymph nodes were 
greatly enlarged and their consistency 
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Symbols: + slight or incipient reaction; ++ moderate reaction; +++ marked reaction; +++-+ extreme reaction. 


markedly increased. No changes were noted 
in other organs of the body. 

The greatest number of spontaneous 
deaths occurred during the exposure period 
commencing with the fourth month and 
continuing through until the ninth month. 
During this phase many of the lungs dis- 
played conglomerate lesions in addition to 
the large numbers of small focal lesions. 
Toward the end of the eighth month some 
of the lungs were the seat of generalized 
congestion with areas of consolidation. In 
all these animals there was marked general- 
ized pulmonary emphysema. The lymph 
nodes continued to be moderately enlarged 
in the animals that had died. 

In the animals killed at the end of 9 and 
12 months, respectively, the lungs had 
become congested and voluminous. An ad- 
vanced generalized emphysema could be dis- 
cerned in all the rats. The parenchyma was 
still occupied by small, dark, discrete, pink, 
irregular, depressed foci of dust reaction, 
and there were considerable numbers of 
consolidated areas. The lymph nodes re- 
mained large. 

Histological Changes—The fundamental 
histological reaction in the lung following 
the inhalation of Degussa amorphous silica 
dust, though expressing itself through mul- 
tiple structural changes (Table 5), appeared 
to originate in two primary cellular pro- 
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cesses. The first of these and the one which 
proceeded most rapidly involved the in- 
vasion of the lymphatic system of the lung 
by macrophages, plasma cells, and lympho- 
cytes. The second was a cellular manifesta- 
tion and comprised the production of large 
vacuolated cells within the alveolar spaces. 
The cytoplasm of these lipophages acquired 
a characteristic foamy appearance. 


Sinus Fibro- 
sis 


Lymph Nodes 
Ca- 
tarrh 


tra- 
tion 


hage 
nva 
sion 


At the end of three months the perivas- 
cular lymphatics were choked with a variety 
of round cells. These phenomena are well 
illustrated in Plate I, A and B. Attention 
may be drawn to the tendency for the 
mononuclear macrophages to be arranged in 
clusters. Within various alveoli single or 
clustered foamy cells were present. The 
majority of these macrophages remained 
mononuclear, but some of them were multi- 
nucleated. Those cells which remained in the 
alveoli tended on the whole to be larger than 
the cells which were seen within the pul- 
monary parenchyma proper. The essentially 
paraductal and paravascular primary dis- 
position of these nodular and alveolar lesions 
is clearly revealed. 
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Associated with the foregoing basic 
changes the rat lung showed incipient nodule 
formation throughout the pulmonary paren- 
chyma (Plate I, C). These nodules were 
found to be composed of two types of cells. 
Thus there was a central collection of 
chromophobic macrophages whose individual 
cell boundaries were not very clearly defined 
and whose nuclei stained poorly. Surround- 
ing this central macrophage collection there 
was a zone of cells, some of which were 
macrophages, but the majority of which 
were plasma cells. The latter could be 
readily differentiated as they remained dis- 
crete and tended to have dark-staining 
nuclei. Many of the nodules were enveloped 
by an epithelial layer composed of cells. 

By appropriate staining small collagen 
bundles even at this early stage could be 
demonstrated in relation to the central mass 
of cells. Elastic fibers sometimes coursed 
through the nodules ( Plate I, D). Reticulum 
had also commenced to form within the 
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Symbols: + slight reaction; ++ moderate reaction; +++ marked reaction; ++++ extreme reaction. 


TABLE 5. 


Vol. 16, August, 1957 


++ | 

+ 

+t++ 

+ 

+ 

| ts 

| +4tT + 
tt 
+ ++++ 
+4 
++ 
i | 
1 8} 

| < | 
| +++ | 

++ 
| | 
| | 

S252 | 

| 

RANS SAHA 
134 


SUBMICRON SILICA DUST—BIOLOGICAL ACTION 


Plate 1—A, perivascular lymphatic sinuses infiltrated with cells: Rat 1230-201, exposed 
to Degussa submicron amorphous silica dust for three months, then killed; hematoxylin 
and eosin; reduced about 25% from mag. X 350. B, foamy alveolar cells: same rat; hema- 
toxylin and eosin; reduced about 25% from mag. X 800. C, incipient bicellular nodule: same 
rat; Mallory; reduced about 25% from mag. X 350. D, elastic fibers coursing through peri- 
vascular cellular infiltrate: same rat; Weigert; reduced about 25% from mag. X 350. 


nodule, the component fibers being better Some of the central cells of the nodules 
developed in the periphery. Some reticulum, had commenced to undergo necrosis, as is 
however, did penetrate among the central indicated by sporadic pyknosis and some 
cells. karyorrhexis, as well as by cytoplasmic 
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Plate II.—A, minor necrosis of cells in nodule: Rat 1230-201, exposed to Degussa sub- 
micron amorphous silica dust for three months, then killed; hematoxylin and eosin; reduced 
about 25% from mag. X 800. B, paravascular cellular infiltrate and nodule: same rat; 
Weigert; reduced about 25% from mag. 350. C, focal macrophage invasion of lymph node: 
same rat; hematoxylin and eosin; reduced about 25% from mag. X 175. D, multinucleated 
giant cell in alveolar space: Rat 1230-218, exposed to Degussa dust for six months, then 
killed; Mallory; reduced about 25% from mag. X 800. 


changes such as vacuolization, accumulation _ the fusion of cells. This degenerative change 
of amorphous matter in the cytoplasm, and_ did not, however, advance to a degree more 
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serious than is shown in Plate II, A. No 
necrosis was noted in the peripheral zone of 
the incipient nodule. 


While most of these nodules appeared to 
be solid structures on first inspection, more 
systematic exploration of the lung tissue 
revealed that a large proportion of the 
nodules had either a para- or a perivascular 
relationship to the smaller arterioles and 
venules in the lung. Characteristically, there- 
fore, such nodules tended to have eccentric 
positions in relation to blood vessels. This 
topographic feature was brought out the 
more clearly whenever such blood vessels 
were cut at a right angle (Plate I, D). The 
central mass of large cells tended to lie 
towards one side and not to surround the 
blood vessel completely. The peripheral 
zone of round cells often completely en- 
circled the blood vessel. The precise nature 
of these relationships of the cell masses to 
the blood vessels was further clarified in 
some of the sections which passed longi- 
tudinally through blood vessels (Plate II, 
B). The lesion seemed in such cases to 
consist of a diffuse peri- and paravascular 
cellular infiltration with periodic focal ac- 
centuation where the central large cells had 
been heaped up. At such sites there often 
seemed to be a measure of stenosis of the 
blood vessel. 

Some of these nodules had a _para- 
bronchiolar distribution. On further analysis 
such parabronchiolar focal cellular accumu- 
lations often turned out to be collections of 
cells around the blood vessels which ac- 
company the bronchioles. The tendency to 
collagen deposition was greater at these 
parabronchiolar sites than in those lesions 
which are located at some distance from 
the nearest bronchiole. There was very little 
in the nature of a diffuse peribronchiolar 
or periductal cell accumulation at this three- 
month exposure stage in the rat lung. 

A fair measure of involvement of the 
regional lymph nodes was present. The 
nodes were enlarged, owing to hyperplasia 
of lymphoid tissue. In addition, the medul- 
lae of the nodes were extensively and 
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diffusely invaded by clusters of macrophages 
which were indistinguishable from those 
which formed the centers of the pulmonary 
nodules (Plate II, C). There was some 
giant-cell formation in relation to these 
clustered macrophages and some of these 
giant cells contained dust particles. No 
necrosis was observed in the lymph nodes 
nor was there any significant evidence of 
fibrosis even though fibrosis and reticulum 
deposition had already manifested itself in 
the nodules of the lung. 

The foregoing basic histological pattern, 
which was clearly established in the lungs of 
the rats by the end of the third month of 
exposure, was further elaborated during 
subsequent months. Thus, by the end of 
the sixth month of exposure the two funda- 
mental tissue reactions, namely, nodular con- 
centration of macrophages in the pulmonary 
parenchyma with associated invasion of 
lymph nodes and the shedding of cells into 
the alveolar spaces, could still be dis- 
tinguished. The alveolar cells now seemed 
to be differentiated into two basic types. 
Thus, there was a tendency to the formation 
of multinucleated giant cells of the type 
illustrated in Plate II, D. These cells 
possessed small chromophilic nuclei aggre- 
gated in the center while the surrounding 
cytoplasm had a foamy semigranular struc- 
ture. The second type of intraalveolar cells, 
which were present at this stage, consisted 
of smaller cells which tended to fuse into a 
virtual syncytial mass (Plate IV, B). There 
was some preservation of individual cell 
edges but the cells appeared to be joined 
by a cementing substance which, on occasion, 
took the stain for collagen. The marginal 
fusion of the cells apparently was not due 
to an underlying necrotic process. In some 
areas these fused cells formed such large 
masses within the air spaces that they com- 
pletely filled the alveoli in many instances. 

The parenchymal nodules had not in- 
creased significantly in size by the end of 
the sixth month of exposure to the dust 
but they had become more fully differ- 
entiated. One of the evidences of such 


137 


amorphous silica dust for six months, then killed; Bielchovsky; reduced about 21% from 
mag. X 350. B, perivascular and alveolar mural reticulum: same rat; Bielchovsky; reduced 
about 21% from mag. X 350. C, periductal condensation of reticulum: same rat; Biel- 
chovsky; reduced about 21% from mag. X 350. D, reticulin skeleton of tracheobronchial 
lymph node: same rat; Bielchovsky; reduced about 21% from mag. X 350. 
differentiation comprised the more complete and more numerous towards the surface, 
deposition of reticulum throughout the but delicate threads now also entered into 


nodule. These fibers still remained coarser the composition of the center of the nodule 
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A Plate III.—A, reticulin skeleton of nodule: Rat 1230-218, exposed to Degussa submicron 
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(Plate III, A). The perivascular spaces 
had also become more completely infiltrated 
with cells. At the same time the reticulum 
found in relation to these sites had become 
more fully established and was more uni- 
versally apparent and could be seen to 
extend directly outward into the alveolar 
walls ( Plate III, B). Around the bronchioles 
and around the alveolar ducts a particularly 
dense type of reticulum was deposited among 
cells which became concentrated here ( Plate 
III, C). It is probable that the condensation 
of the reticulum at these sites may be 
related to the fact that alveoli abutting on 
these areas had become atrophic. It is not 
clear which phenomenon constituted the 
primary reaction and which was a secondary 
effect. A fairly diffuse measure of cellular 
infiltration of alveolar walls at sites not 
necessarily anatomically close to the nodules 
or the bronchioles could also be demon- 
strated. Associated with this cellular infil- 
tration, of which the cytological elements 
were dominantly macrophages but included 
some plasma cells, there was also incipient 
mural fibrosis. The source of this collagen 
was not clearly revealed. There were only 
very isolated fibrocytes among these cells, 
and it seemed rather that the collagen-like 
material was derived partly from the macro- 
phages. 

The involvement of the hilar lymph nodes 
had not advanced materially either by the 
end of the six months’ stage of dust ex- 
posure. There now was a marked tendency 
for the deposition of reticulum around the 
infiltrated macrophages ( Plate III, D). 

By the end of the ninth month a new 
phenomenon could be observed in the lung 
of rats exposed to the Degussa dust. The 
pallid foamy cells, many of which had ap- 
parently fused to become giant cells, had 
commenced to undergo a measure of central 
cytoplasmic degeneration, occasionally ac- 
companied by the formation of crystals 
(Plate IV, A). Others of these clustered 
lipophages appeared to be breaking up with 
the discharge of granular matter into the 
lumina of adjacent alveolar ducts. Because 
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many of the alveoli were choked with these 
cells there seemed to be no obvious direction 
in which the cellular detritus could be trans- 
ported. Some of these degenerating cells 
found their way into the bronchioles, but 
they were evidently not possessed of a great 
measure of motility. The fact that many 
of these cell nests were grouped around the 
bronchioles may indicate that their com- 
ponent cells had wandered to these positions 
from distant regions or had become trans- 
ported thence as the result of the physio- 
logical action of the lung. It is also possible, 
of course, that they had originally formed 
in these peribronchiolar locations. At least 
one of the effects of the accumulation of 
these degenerating foamy cells in the para- 
bronchiolar locations was that they tended 
to become incorporated into the para- 
bronchiolar nodules which had formed 
there since earlier phases of the exposure. 
Such nodules then tended to consist of more 
than the original two component elements, 
inasmuch as they had added to the peripheral 
plasma cell zone either relatively intact 
foamy cells or masses of amorphous matter 
with interspersed crystals evidently derived 
from these lipophages. The two types of 
large cells comprising these composite 
nodules could be clearly distinguished by 
their staining characteristics, the foamy cells 
taking eosin very poorly while the macro- 
phages had an intense affinity for eosin and 
similar acid dyes. Such lesions not infre- 
quently resembled the granulomata seen in 
human beryllium-caused pulmonary disease. 
Such resemblances were accentuated when, 
in addition to the foregoing two varieties 
of cells, there were a number of peripheral 
giant cells. 

Twelve months after the onset of ex- 
posure to the Degussa dust the lesion in the 
rat lung appeared to be fully developed. 
Nodules were scattered throughout the 
parenchyma in great profusion. A low-power 
view, such as that presented in Plate IV, 
B, clearly indicates how prominent the focal 
lesions had become. 
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Plate IV.—A, parabronchiolar nodule composed of lipophages, eosinophils, and amorphous 
matter: Rat 1230-228, exposed to Degussa submicron amorphous silica dust for nine months, 
then killed; Mallory; reduced about 23% from mag. X 150. B, multiple nodules and focal 
emphysema: Rat 1230-245, exposed to Degussa dust for 12 months, then killed; Mallory; 
reduced about 23% from mag. X 35. C, mature paravascular bicellular nodule: same rat; 
Mallory; reduced about 23% from mag. X 350. D, cortical deposition of interlacing collagen 
bundles: same rat; Mallory; reduced about 23% from mag. X 175. 
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Around these nodules there now was a 
significantly developed emphysematous proc- 
ess. This regional emphysema was partly 
due to distension of alveolar ducts and 
partly represented overinflation of alveoli. 
At the same time some of the adjacent air 
spaces were partially or wholly deflated 
through encroachment by the expanded 
vesicles, 

The mature 12-month-old nodule is de- 
picted in Plate IV, C. The very clear dif- 
ferentiation between the loose peripheral 
zone and the central horseshoe-shaped dense 
collection of macrophages, which embraces 
a blood vessel, constitutes the most charac- 
teristic feature of this unit lesion. The cen- 
tral portion stained bright red with Mallory’s 
stain, whereas the periphery did not take 
such a brilliant coloring. It may be noted 
that the central cells abutted directly upon 
the wall of the small blood vessels. Reticu- 
lum fibrils which penetrated the nodule from 
adjacent alveolar walls were seen to ramify 
throughout the peripheral zone of the nodule 
and to unite around the nodule. The 
reticulum fibers which supported and sur- 
rounded the central cells appeared to be 
more closely linked to the reticulum im- 
mediately adjacent to the blood vessel itself. 
This arrangement suggests that this bi- 
cellular nodule may have had a dual origin. 

In the lymph node the most significant 
change which had supervened by the end 
of the 12th month of exposure to the De- 
gussa dust comprised the appearance of a 
fair amount of fibrous tissue (Plate IV, D). 
By comparison with the condition at earlier 
stages, the lymph nodes had shrunk some- 
what and the macrophage accumulations 
were less evident than they had been at 
earlier stages. Columns of collagen, which 
tended to radiate towards the surface of the 
lymph node, could be seen. In other in- 
stances a fairly dense system of collagen 
had been laid down around the lymph node 
and along the septa between component 
nodes. The blood vessels penetrating the 
hila of the lymph nodes, which presumably 
were branches of the bronchial arterial 
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system, frequently were ensheathed in 


fibrous tissue. 


Elimination Phase 


Chemical Determinations—In the rats 
that survived in normal air after a six 
months’ period of exposure to the Degussa 
dust the mineral content of the lungs 
diminished but fluctuated somewhat widely 
(Table 3). Though the silica was quite 
rapidly excreted, other constituents of the 
lung ash remained moderately elevated in 
some instances. It may be noted that the 
rate of elimination of the silica decelerated 
progressively (Fig. 5), indicating that 
maximal evacuation of the silica had been 
effected during the earlier months after the 
animals had been returned to normal air. 
Progressive anatomical recovery, however, 
continued during the whole period. The 
lung weights decreased constantly. The 
amount of lung ash, however, decreased 
rapidly during the first six months and 
then more slowly, leveling off towards the 
end of the year in normal air, the ratios 
of ash to whole lung or desiccated lung re- 
maining constant. The ratios of SiO» ex- 
pressed as a percentage of the dried lung 
or the lung ash rapidly became reduced to 
less than half, in most cases, of the cor- 
responding ratios for animals killed dur- 
ing the exposure phase. 

Autopsy Fndings—Among the 25 rats 
set aside in normal air, after six months of 
dust exposure, in order to study the 
elimination of the silica from the lungs on 
residence in normal air, the macroscopic 
features noted in the animals shortly after 
removal from the dust naturally were similar 
to the features in the animals that died just 
before their six months’ period of dusting 
was completed (Table 4). The first notable 
deviation which could be discerned was 
present in an animal that died two and a 
half months after transference to normal air. 
In this animal the lungs were still somewhat 
voluminous, owing to a persisting moder- 
ately marked generalized emphysema. How- 
ever, only occasional 
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irregular, deep-pink foci of dust reaction 
were detectable on gross inspection. The 
lymph nodes were moderately enlarged, in- 
jected, and somewhat edematous. In another 
animal that died at the end of three months 
of residence in normal air similar doubt 
arose as to the survival of dust foci, al- 
though the emphysema was still well estab- 
lished. This animal died from a rete-cell 
sarcoma which had involved the liver, the 
lymph nodes, and the adrenals. 

Three animals were killed at the end of 
three months in normal air and they showed 
only a moderate presence in the lungs of 
small, discrete, irregular, deep-pink foci of 
dust pigmentation. The lungs now were 
somewhat less voluminous than had been 
the case in the animals previously brought 
to autopsy. 

An additional rat died at the end of 
three and a half months from the rete-cell 
sarcoma and another at four and a half 
months from pericarditis. In both these 
animals a moderate number of small foci of 
dust reaction could be found. Some emphy- 
sema also persisted. In an animal that died 
five and a half months after the period of 
six months of dust exposure had been 
terminated the cause was again a rete-cell 
sarcoma which had involved the lymph nodes 
and had invaded the thorax to such an 
extent as to render interpretation of the 
pulmonary pathology difficult. 

The lungs of animals killed at the end 
of six months in normal air showed very 
little emphysema and very little in the 
nature of dust foci, and the lymph nodes 
were only slightly enlarged. At the end of 
nine months the lungs of the animals which 
had been sacrificed still showed a moderate 
seeding with small, irregular, deep-pink foci 
of dust reaction and a slight amount of 
emphysema. By the end of a year of resi- 
dence in normal air the lungs continued 
to be somewhat larger than usual, but the 
focal dust reaction had receded almost com- 
pletely. There now was a tendency to focal 
atelectasis and pulmonary congestion. One 
animal that died at this stage did so from 
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pneumonia. No specific feature could be 
found to relate this pneumonia to the chronic 
changes in the lungs. 

Histological Changes.—Although _ the 
lesions formed by the end of the sixth month 
of exposure to the Degussa aerosol appeared 
well established, the subsequent 12 months 
of residence in normal air most effectively 
disposed of the majority of these structures. 
Because the perivascular infiltrations were 
probably the most significant, though per- 
haps not the most obtrusive, features of the 
pulmonary response to the dust, it is par- 
ticularly gratifying to note how remarkably 
rapidly these lesions were eliminated. By the 
end of six months of residence of the rats 
in normal air hardly any cells could be found 
around the smaller blood vessels. Where 
these cells had previously been massed there 
were but insignificant residua of fine col- 
lagen fibers (Plate V, A). 

The pulmonary nodules receded by an 
interesting process of cell substitution. The 
first effect appeared to be migration of 
the peripheral zone of cells away from the 
nodules and the accumulation of the cells 
around the bronchioles. At this stage the 
central cells did not yet show any significant 
change. By the end of the sixth month the 
central, previously closely packed core of 
cells had commenced to shrink and the 
component cells to become separated from 
one another. By the end of the ninth month 
in normal air very few of these compact cen- 
tral cell clusters remained, though there still 
were small aggregates of macrophages with- 
in these nodules. Some of the cells were 
present in the form of giant cells, and the 
pseudopodia which they sent out indicated 
that they were very much alive and capable 
of considerable motility. By the end of the 
12th month the nodules had become very 
scarce indeed, and those which were still 
to be found consisted almost entirely of 
lymphocytes with no plasma cells and no 
macrophages surviving among them (Plate 
V, B). The lymphocytes already had made 
their appearance by the sixth month, and 
it seems that after the peripheral plasma 
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Plate V.—A, delicate, but insignificant residual perivascular fibrosis: Rat 1230-254, ex- 
posed to Degussa submicron amorphous silica dust for 6 months, then allowed to reside in 
normal air for six months, then killed; hematoxylin and eosin; reduced about 25% from 
mag. X 350. B, residual cellular nodule devoid of macrophages: Rat 1230-240, exposed to 
Degussa dust for 6 months, then allowed to reside in normal air for 12 months, then killed; 
hematoxylin and eosin; reduced about 25% from mag. X 35. C, tracheobronchial lymph 
node showing dispersal of macrophage clusters: Rat 1230-237, exposed to Degussa dust for 
6 months, then allowed to reside in normal air for nine months, then killed; hematoxylin and 
eosin; reduced about 25% from mag. X 350. D, residual minimal emphysema: Rat 1230- 


240, exposed to Degussa dust for 6 months, then allowed to reside in normal air for 12 
months, then killed; hematoxylin and eosin; reduced about 25% from mag. X 30. 


Schepers et al. 


SUBMICRON SILICA DUST—BIOLOGICAL ACTION 
| 
| 
A j AS 
143 


A, M. A, ARCHIVES OF INDUSTRIAL HEALTH 


cells had migrated towards the peribronchial 
lymphatic tissue the lymphocytes replaced 
them and thus temporarily returned to sur- 
round the central core of macrophages. 
Eventually, when the latter in their turn 
had evacuated these nodules, all that re- 
mained were the lymphocytes. 


The lymphoid tissue likewise achieved a 
considerable amount of clearing. Except 
where fibrosis had previously been estab- 
lished, the nodes appeared unaffected by the 
end of 12 months in normal air. Isolated 
macrophage collections could still be found 
but, on the whole, the lymphoid tissue now 
was not unlike that to be seen in the average 


rat at a comparable stage of life (Plate V, 

A minor degree of emphysema persisted 
even to the end of the 12th month of 
residence of the rats in normal air. It repre- 
sented the insignificant residuum of the 
hyperinflation which had previously affected 
the alveolar spaces and alveolar ducts. Slight 
distension of the latter structures was main- 
tained to the end of the 12-month period 
(Plate V, D). 


Comment 


Although the inhalation of Degussa amor- 
phous silica dust proved relatively toxic to 
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Fig. 6.—The lethal effect of inhaled Degussa submicron amorphous silica dust in the rat 
and the abrupt change in the survival rate of the animals when dust exposure was discon- 
tinued appear in part to be related to the silica content and the increase of ash of the lungs. 
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rats and a large proportion of them (749% ) 
died during the course of the dust exposure, 
there was an equally remarkable recovery, 
revealed both in survival rates and in histo- 
logical lesions, when the animals were re- 
moved from the dust environment. That the 
progressive death trend and the growth of 
the tissue reaction are direct correlates of 
the accumulation of the amorphous silica 
in the lung is graphically portrayed in Figure 
6, in which the rate of increase (or de- 
crease) in the lung ash, silica content of the 
lungs, and the cumulative deaths (in per- 
centages) are plotted as functions of time 
and increasing dust exposure. It is shown 
that the death rates, the silica content of 
the lung, and the increase in the lung ash 
rose steeply as long as the dust exposure was 
maintained. .Shortly after the dust exposure 
was stopped these trends rapidly reversed 
themselves. However, it should be noted 
that spontaneous deaths continued sporadi- 
cally for a protracted period after the dust 
exposure had been discontinued. The final 
four deaths in this series were all due to 
rete-cell sarcomatosis of the lymphoid tis- 
sue, in the causation of which the Degussa 
dust probably was not a factor. As there 
were no lesions in organs other than the 
lungs, the immediate mechanism of death 
must be sought in the lungs. Contrary to 
the experience unfortunately encountered 
only too often in long-term experimental 
studies on rats, no intercurrent infection, 
bronchiectasis, or abscess formation super- 
vened in the present series of animals. 
Whether the inhaled Degussa dust was in- 
strumental in warding off these pulmonary 
inflammatory states can only be speculated 
on at this stage. The study should be 
repeated. However, a further argument in 
favor of some anti-inflammatory action 
exerted by the Degussa dust resides in the 
fact that minor epizootics were current 
among other groups of rats which were 
being used in other experiments simultane- 
ously. Bronchiectasis and abscesses also 
occurred sporadically among these other 
rats. 
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In ultimate analysis it would appear that 
the main lethal factor in these rats consisted 
in the pulmonary insufficiency due to the 
emphysema combined with the obstruction 
of the pulmonary vasculature by the cellular 
cuffs which enveloped so many of the 
smaller blood vessels. It is doubtful whether 
the emphysema by itself could have caused 
the deaths in these rats. In other experi- 
ments conducted by us degrees of emphy- 
sema considerably in excess of those 
observed in the present series of rats have 
been encountered without a proportionately 
higher mortality. 


It is possible that the vascular stenosis 
effected by the progressive envelopment of 
small blood vessels by macrophage nodules 
may have been sufficient as a lethal factor. 
It should be noted that the circulation 
through the lungs was impaired not only 
by these perivascular nodules, but also by 
the accumulation of cells in the alveolar 
walls. By the latter mechanism the mural 
capillaries may have been occluded. The 
combined obliteration of capillaries and nar- 
rowing of pulmonary vessels in conjunction 
with the reduced breathing surface effected 
by the emphysema probably brought about a 
summation of pulmonary and cardiac im- 
pairment, which reached lethal proportions 
in those animals that succumbed. The very 
close association between cessation of dust 
exposure, reversal of the mortality trend, 
and the disappearance of the mural and 
perivascular cellular infiltrates and of the 
emphysema further bears out this conclusion. 

A final observation of note concerns the 
character of the emphysema and its virtually 
complete reversal after the animals had been 
restored to normal air for a long enough 
period. The dominant component of the 
emphysematous process consisted of dis- 
tension of alveolar ducts without any 
associated bronchitis or bronchiolitis. The 
histological pattern produced by the simul- 
taneous presence of the clustered dilated 
alveolar ducts and the cellular nodules closely 
resembles that found in coal miners and 
characterized by Heppleston® as _ focal 
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emphysema. The virtually complete dis- 
appearance of this variety of emphysema 
after the animals had been taken out of the 
dust environment illustrates the point that 
focal emphysema per se can be a reversible 
process. Whether this reversal depends on 
the capacity of the trapped macrophages to 
be evacuated, is merely the result of with- 
drawal of the nocuous stimulus, or is ef- 
fected by some other, perhaps neurogenic, 
mechanism (Schepers?) has not yet been 
settled. 

No conclusive comparisons can be made 
between the data presented in this paper 
for rats and the observations recorded for 
rabbits by Jotten* and by Gartner.? The 
latter stressed the lack of resemblance be- 
tween the classical silicotic nodule and the 
parenchymal structures induced by inhaled 
Degussa dust. Gartner also emphasized the 
lack of fibrosis and the reversal of the 
histological process in the rabbits after they 
had been restored to residence in normal 
air. J6étten placed greater emphasis on the 
occurrence of desquamative catarrh, macro- 
phage granuloma formation, emphysema 
production, and the prevalence of secondary 
inflammation. These observations will be 
reviewed more fully in the report of our 
studies on rabbits. 


Summary 


The problems created by the introduction 
of particulate synthetic submicron amor- 
phous silica of different kinds and the in- 
creasing commercial exploitation of these 
substances are reviewed. 

Some physicochemical features of the 
flame-produced Degussa submicron amor- 
phous silica powder are presented. 

An outline of a comprehensive series of 
tests to evaluate the toxicity of the Dow 
Corning Silica Degussa dust is recorded 
and the effects on the rat after inhalation 
are described. 

When exposed to an average aerosol 
concentration of 1.5 mg. per cubic foot of 
air the majority of the rats died from 
pulmonary vascular obstruction coupled with 
pulmonary insufficiency due to emphysema. 
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The development of pulmonary lesions 
was accompanied by the progressive con- 
centration of silica and increase of inorganic 
substances in the lung. 

On removal of the rats from the dust 
environment after six months of exposure 
the majority rapidly recovered; the silica 
was largely eliminated from the lung tissue, 
and the cellular nodules, perivascular in- 
filtrations, and emphysema were almost com- 
pletely resolved. 

The prevalence of infective and intlam- 
matory changes to which the rat lung is 
generally prone appeared to be considerably 
reduced in the series of experimental ani- 
mals exposed to Degussa submicron amor- 
phous silica dust. 


Dr. Melvin Hunter, Director of Research, Dow 
Corning Corporation, entrusted this study to us, 
and Dr. Shailer L. Bass, Vice-President of the 
Corporation, gave us permission to publish the 
results obtained. 


Saranac Laboratory. 
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BERT L. VALLEE, M.D., Boston 


Zinc has been studied in biology for many 
years.! Keilin and Mann in 1940? offered 
the first concrete explanation of its mode of 
action. They showed that the enzyme car- 
bonic anhydrase contains 0.33% zine as a 
part of its molecule and that zinc is essential 
to the elimination of carbon dioxide. This 
work foreshadowed the identification of zinc 
as a participant in other important enzymatic 
reactions.** The present paper will cover 
some of the salient facets of the physio- 
logical, biochemical, clinical, and toxicologi- 
cal implications of zinc metabolism, 
emphasizing recent observations. 


Physiology 

The usual human intake of zinc is 10 to 
15 mg. per day. The element is excreted 
mainly through the intestines; the feces con- 
tain about 10 mg. and the urine about 
0.4 mg. per day. The zine content of 
human organs varies from 10y to 200y 
per gram of wet weight of tissue. Most 
organs, including the human pancreas, con- 
tain about 20y to 30y per gram.* Contrary 
to some statements, the pancreas does not 
have unusually large concentrations of zinc, 
although it has been shown that the islet 
tissue of fish is rich in the element, con- 
taining 100y to 1000y per gram of fresh 
tissue. No significant difference has been 
detected in the zine content of the pancreas 
in normal and diabetic patients. The liver, 
voluntary muscles, bladder, and bones of 
man hold 60y to 180y of zinc per gram 
of fresh tissue and the normal prostate 
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Zinc and Its Biological Significance 


859+96y per gram of dry weight. Out- 
standing in their content of zinc are the 
tissues of the eye. From 500y to 1000y 
per gram has been found in the retina and 
as much as 5000y of zinc per gram in the 
iris of fish and mammals other than man. 

The total amount of zinc in the human 
body has been estimated to be 2 gm. Ap- 
parently no tissue stores zinc preferentially. 
Human whole blood contains about 900y 
of zinc per 100 ml. Normal serum zinc 
levels probably range from 80y to 160y per 
100 ml. Normal erythrocytes contain 1.44 
mg. of zinc per 100 ml. of packed red blood 
cells. Three per cent of all zinc in human 
blood is found in leukocytes, which contain 
0.032y of zine per million cells. Blood zinc 
concentrations do not exhibit seasonal or 
diurnal variations, nor do they differ be- 
tween the sexes. They are normal in dia- 
betics.® 

The distribution of radioactive zinc 
(Zn*) was studied in the mouse and dog. 
In both animals, the liver contained the 
largest fraction of the injected dose of 
Zn® early in the experiment. The most 
rapid uptake was observed in the liver, 
kidney, pancreas, and pituitary; least ac- 
tivity was found in erythrocytes, brain, 
skeletal muscle, and skin. Red blood cells 
and bone were the only tissue components 
to accumulate zinc gradually. This isotope 
has been detected in dogs and humans for 
as long as eight months to a year after 
its administration. With the injection of 
radioactive zinc into a pregnant dog, the 
passage of the isotope across the placenta 
into all of seven puppies has been demon- 
strated. 


Zinc deficiency in animals was studied as 
early as 1922, but the first successful ex- 
periments were reported in 1934. Todd, 
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Elvehjem, and Hart * found that the growth 
of rats deficient in zinc was only one-third 
that of normal ones; the zinc-deficient ani- 
mals required 52% more ration to gain a 
gram in weight. Their fur softened and 
turned black to gray in six to seven weeks. 
Administration of adequate amounts of 
zinc subsequent to the termination of the 
deprivation experiment caused two animals 
to return to a normal appearance. 

Studies of the carbohydrate metabolism 
in these animals suggested delayed absorp- 
tion of glucose from the gastrointestinal 
tract. These rats had a low plasma protein 
level and a definite reduction of pancreatic 
amylase and proteolytic activity, which could 
not be restored to normal by the addition of 
zinc, in vitro or in vivo. In all the animals 
the zinc content of the soft tissues was 
normal, but that of the bone was lowered. 

Hove, Elvehjem, and Hart studied carbonic 
anhydrase activity in animals deficient in 
zinc. Although a slight anemia was found, 
there was no significant lowering of the 
enzyme activity in erythrocytes. Plasma 
uric acid levels of the rats deficient in zinc 
were found to be doubled. The uric acid 
blood findings were not reversed until five 
weeks after zinc had been added to the diet. 
This increased uric acid content seemed to 
be caused by increased uric acid formation, 
rather than by lack of destruction, since 
uricase activity was completely normal.’ 

Zinc and Hormones.—The crystallization 
of insulin as a zinc salt by Fisher and Scott 
led to the belief, now widely held, that zinc 
is an integral part of the insulin molecule. 
This belief persists in spite of the fact that 
nickel, cobalt, and cadmium can be used 
instead of zinc in the crystallization.* 
Actually, Fisher and Scott never stated that 
zinc was an integral part of the insulin 
molecule; they reported that these metals 
and insulin combined in a constant ratio. 
For zinc, the percentage in combination was 
0.52, for cadmium 0.77, for cobalt 0.44; 
these percentages were not changed by re- 
crystallization. Moreover, amorphous in- 
sulin is as active physiologically as is crystal- 
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lized insulin, and there is little convincing 
evidence at present that zinc and insulin 
must combine in vivo to form an active 
compound. There is far more zine in the 
pancreas than would be necessary for in- 
sulin activation and some of it 
accounted for by carboxypeptidase.® 


Understanding of the interrelation be- 
tween zinc and insulin has been complicated 
further by the finding that 0.02% zinc, 
added to insulin as the chloride, reduces 
the immediate activity of the hormone by 
40%, though the over-all potency of the hor- 
mone is not affected if enough time is al- 
lowed for it to act. 


is now 


The subject of the relationship of zinc to 
the physiology of the pancreas in general 
and to that of insulin in particular has been 
reopened recently. Employing a nonspecific 
technique based on the use of diphenylthio- 
carbazone (dithizone), Okamoto” found 
variable amounts of zinc in the islands of 
Langerhans. With this agent, Kadota ™ 
produced diabetes in rats; he presumed that 
dithizone combined with the zinc of insulin 
to cause this experimental diabetes. Other 
workers found that the experimentally in- 
duced diabetic pancreas contained less 
Zn® than did its normal counterpart.!” 
Mclsaac has employed autoradiography to 
distinguish between the uptake of Zn® by 
acinar and islet cell tissue of the pancreas." 
He found that the Zn® concentration of the 
islet cells remained stable throughout the 
experimental period, whereas the concentra- 
tion of acinar tissue, initially high, decreased 
with redistribution and excretion of Zn. 
No conclusions were drawn concerning the 
postulated association of zine with insulin 
in vivo! Thus, the debate on zinc-insulin 
interaction continues without the achieve- 
ment of a conclusive settlement. 

Zinc and Porphyrins—It seems certain 
that a zinc uroporphyrin exists. Some in- 
vestigators have found the zinc complex of 
the Waldenstrém uroporphyrin to be a con- 
stant constituent of the urine and feces in 
cases of intermittent, acute porphyria.’ 
Urinary excretion alone seemed to be the 
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rule in the acute, intermittent cases. In fact, 
the occurrence of the zinc porphyrin com- 
plex is characteristic of this type of por- 
phyrinuria, whereas in the congenital type 
the porphyrin is usually excreted in a free 
state. In the latter cases, a zinc uropor- 
phyrin is found in the liver. A zine copro- 
porphyrin, which has also been described, 
has been found in cases of lead poisoning, 
and its presence in the urine of victims of 
acute rheumatic fever has been confirmed. 


Biochemistry and Physical Chemistry 


As with other trace elements, an explana- 
tion of the physiological role of zinc has 
been sought in its relationship to proteins, 
specifically those having enzymatic activity. 
A review of some basic considerations is 
fundamental to the understanding of the 
problem. For operational purposes, the 
enzymes that are affected by metals can be 
considered in two groups: metalloenzymes 
and metal-enzyme-complexes. 

Metalloenzymes contain a metal as an 
integral part of the molecule. There is a 
fixed amount of metal per molecule of pro- 
tein. The metal cannot be separated from 
the protein without complete loss of enzy- 
matic activity, nor can it be removed by 
dialysis. When the element is split from 
the protein residue by vigorous manipula- 
tion, all measurable biological activity is lost 
and is not readily restored by the addition 
of this or any other metal. Some metals are 
part of porphyrins as found in hemoglobin, 
catalase, or peroxidase. Metalloenzymes may 
be considered as a class of biochemical 
substances. Metalloproteins are found in a 
variety of phyla, showing their incorporation 
into the tissues of species, the evolutionary 
histories of which are widely diversified, 
and indicating their general metabolic im- 
portance. 

The study of the enzymatic properties of 
these proteins has usually preceded the de- 
monstration of their metal contents. This is 
probably due to the fact that until very 
recently the methods for the determination 
of enzyme activities have been more sensitive 
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than the analytical methods for the small 
quantities of metals involved. In certain 
cases this course of events has been reversed. 
Metal enzyme complexes compose a far 
larger group of proteins and enzymes that 
are very loosely associated with a metal, 
the criterion of association being the ac- 
tivation of catalysis. In this group, the 
specificity of the association is lacking. The 
metals are dialyzable and may substitute for 
one another in many instances. The metal 
ion is not an integral part of the molecule, 
and in most instances the enzyme is ap- 
parently independent of the metal ion. These 
facts increase the difficulties of assessing the 
biological significance of these in vitro find- 
ings. Some have considered the difference 
between these two groups of metal enzyme 
systems to be quantitative only, represent- 
ing different types of bond structure but 
having similar biochemical meaning. Others 
have thought the metal to be involved in 
the formation of the intermediate enzyme 
substrate complex. Whatever the hypothesis, 
operationally, metalloenzymes lend them- 
selves more readily to a definitive assessment 
of the physiological role of metal enzyme 
systems at this time. Experimentally, the 
element and the enzyme may be studied 
jointly and separately, in vitro and in vivo. 
In contrast to the highly colored iron 
and copper proteins and enzymes, zinc com- 
pounds in general and zine proteins in 
particular are colorless and do not. attract 
attention to themselves. The red and blue 
colors of iron and copper proteins seem to 
have been responsible for their early recog- 
nition and study. The identification of zinc 
proteins has been more or less fortuitous, 
owing to their lack of color. The investiga- 
tion of the role of zinc in enzymatic 
catalysis has not been so systematic as that 
of, iron and copper. 
Metalloenzymes.—Carbonic Anhydrase: 
Until recently, the sole accepted physiologi- 
cal role of zinc was related to its presence, as 
an active component in carbonic anhydrase. 
Keilin and Mann? first ‘noted that the car- 
bonic anhydrase of the red blood cells of oxen 
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contains 0.33% zine that does not exchange 
freely with ionic zinc. This enzyme 
catalyzes the reaction CO2+ H2O=H2CQO; ; 
without carbonic anhydrase, carbon dioxide 
exchange could not take place with sufficient 
rapidity to sustain life. Zine is an integral 
part of the molecule of carbonic anhydrase, 
and the removal of the metal results in 
irreversible inactivation. Reversible inactiva- 
tion is effected by enzyme inhibitors that 
combine with zinc, such as dimercaprol 
(BAL; 2,3-dimercaptopropanol), cyanide, 
sulfide, azide, and sulfonamides. Carbonic 
anhydrase is widely distributed in almost all 
tissues, but its assay has been difficult be- 
cause of the presence in tissues of various 
activators and inhibitors of both the enzyme- 
catalyzed and the uncatalyzed reaction. Ef- 
forts have been made to account for the 
presence of all the zinc in tissues by their 
carbonic anhydrase content. These attempts 
have been unsuccessful except in selected 
instances, such as in erythrocytes of man, 
where carbonic anhydrase may account for 
all zinc. 

Zinc-Containing Protein of Human Leu- 
kocytes: A protein that contains 0.3% zinc 
per gram of dry weight can be obtained 
from white blood cells in humans. This 
zine protein is responsible for 80% of all 
the zinc found in human leukocytes and 
has been differentiated clearly from carbonic 
anhydrase. While the protein is presumably 
an enzyme, the nature of its enzymatic 
activity is not known."® 

Corboxypeptidase: Carboxypeptidase of 
bovine pancreatic juice has recently been 
shown to be a zinc enzyme.’ It is an 
exopeptidase that splits terminal amino acids 
from peptides having a free alpha carboxyl 
group adjacent to the peptide bond. This 
enzyme was first crystallized in 1937 and 
has been the subject of much attention since 
that time. The enzyme contains one atom of 
zine per molecule of protein. Zinc is firmly 
bound to the protein and is apparently 
indispensable for its enzymatic activity, thus 
constituting a prosthetic group. Like ear- 
bonic anhydras, carboxypeptidase is in- 
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hibited by cyanide, sulfide, and dimercaprol 
(2,3-dimercaptopropanol), as well as_ by 
1,10-phenanthroline, 8-hydroxyquinoline-5- 
sulfonic acid, and other zine-binding agents. 
It is not inhibited by sulfonamides. This 
finding seems to explain previous observa- 
tions in which it was demonstrated that 
about 6.5% of a dose of Zn™ administered 
to dogs was eliminated in their pancreatic 
juice within five days. Zinc, at least in part, 
is eliminated as carboxypeptidase; it is thus 
implicated in proteolysis. 

Zinc-Containing Dehydrogenases: Four 
enzymes responsible for dehydrogenation re- 
actions have recently been shown to contain 
zinc that is essential for their action. All 
four enzymes are dependent upon diphos- 
phopyridine nucleotide (DPN) for their ac- 
tivity: alcohol dehydrogenase of yeast 
(YADH),"* alcohol dehydrogenase of horse 
liver (LADH),'*78 glutamic dehydrogenase 
of beef liver (LGDH),’® and lactic dehydro- 
genase of rabbit skeletal muscle (SLDH).”° 
YADH contains four atoms of zinc per 
molecule of protein; LADH contains two, 
and LGDH contains two to four zinc atoms. 
The molecular weight of SLDH is not 
known; thus, no figure for the molar ratio 
of zinc to protein can be given. All four 
enzymes have been crystallized. The zinc 
is firmly bound and is essential to the action 
of these enzymes, as all of them are inhibited 
by zinc-binding agents. 

The detection of zinc in these enzymes 
may explain the high concentrations of this 
element in the liver and the retina, since it 
has been shown that LADH oxidizes vitamin 
A; and reduces retinene, probably being 
identical with retinene reductase. Thus far, 
no other metals have been found to occur 
in similar dehydrogenases. These findings 
were the first indication that zinc is in any 
way associated with their catalytic action. 

Zinc Protein Complexes.—In blood serum, 
zinc exists in at least two fractions: firmly 
bound zinc, amounting to about 34%, and 
loosely bound zinc, amounting to 66%, of 
the total zinc content.5 The firmly bound 
zine protein, a globulin, satisfies the criteria 
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of metalloproteins, whereas loosely bound 
zinc protein should be defined as a metal- 
protein-complex. The firmly bound zinc 
protein has not been purified adequately to 
state the percentage of zinc that it contains. 
Neither substance has been shown to exhibit 
enzymatic properties. The loosely bound com- 
plex appears to be concerned primarily with 
zine transport. The ubiquitous occurrence 
of zinc and its participation in cellular and 
gaseous respiration as well as in proteolysis 
point to its cardinal role in metabolism. 
These discoveries may well foreshadow a 
recognition of its significance in pathological 
processes. 


Chemical Pathology 


Changes in Serum Concentrations.—In 
pneumonia, bronchitis, erysipelas, and pye- 
lonephritis, the serum zinc level is decreased 
significantly. This correlation has been 
found to be statistically significant. In un- 
treated pernicious anemia, serum zinc levels 
are decreased to about 80 to 90y per 100 ml. 
Twenty-four hours after institution of 
therapy, the zinc level rises, reaching a 
maximal value during the first week. 

In all other anemias studied thus far, 
serum zine levels are normal or the data 
are so sketchy that no definite conclusions 
may be drawn.* Decreased serum zinc levels 
have been reported in patients with a variety 
of primary cancers, but no uniform patterns 
exist. Normal serum zine values have been 
observed in acute rheumatic fever, ulcerative 
colitis, diabetes, acute nephritis, and peptic 
or duodenal ulcers. Recent observations 
demonstrate that the serum zine concentra- 
tions in Laennec’s cirrhosis and myocardial 
infarction are markedly lowered.*!** The 
concentrations in cirrhosis were reported as 
66.7+19.2y per 100 ml., whereas in myo- 
cardial infarction concentrations of 73+ 20y 
of zinc per 100 ml. were found. The normal 
control group had a serum zinc level of 
120+19y per 100 ml. These findings were 
interpreted in the light of the newly detected 
zinc dehydrogenases. Variations in serum 
levels are attributed to fluctuations in the 
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loosely bound fraction, the firmly bound 
zinc remaining constant. The physiology of 
control of zinc in serum is not understood. 
No plausible explanations for pathological 
changes have been offered.® 


Changes in Erythrocyte Content-——The 
zine content and carbonic anhydrase activity 
of red blood cells parallel each other and are 
significantly correlated. In normal persons 
as well as those afflicted with anemias, poly- 
cythemia vera, secondary polycythemia, 
leukemia, and congestive heart failure, both 
parameters vary directly with the hematocrit 
level and the hemoglobin concentration. In 
untreated pernicious anemia, however, the 
erythrocyte zine concentration and carbonic 
anhydrase activity are nearly normal, al- 
though the hematocrit value, erythrocyte 
count, and hemoglobin levels are markedly 
decreased. In remission, zinc concentration 
and carbonic anhydrase activity return to 
normal values. Erythrocyte zinc concentra- 
tion and carbonic anhydrase activity are 
increased in sickle cell anemia and acute 
intermittent porphyria. 

The content of zinc and carbonic an- 
hydrase of erythrocytes of infants at birth 
is only 25% of the adult value and is even 
lower in premature infants. Both values 
gradually rise to normal levels, doubling 
at the age of 1 year and reaching adult 
values at the age of 10 to 12 years.* 
Certain intractable types of cyanosis and 
dyspnea of infants at birth have been at- 
tributed to very low carbonic anhydrase 
activity and may be benefited by transfusion 
of adult red blood cells. A decrease of 50% 
in the concentration of zinc in the whole 
blood of Chinese suffering from protein 
deficiency, acute and chronic beriberi, and 
pellagra has been reported. No _ separate 
values for erythrocytes and serum were 
obtained, and no hematological data were 
given. 

Changes in Leukocyte Content—Marked 
increases of leukocyte zinc have been seen in 
patients with anemias, refractory to all ther- 
apy and accompanied by leukocyte counts 
below 2000 per cubic millimeter. The zinc 
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concentrations of leukocytes in acute and 
chronic lymphatic and myelogenous leukemia 
is decreased to 10% of the normal value. 
With successful therapy, the zinc concentra- 
tion returns to normal. Administration of 
zine salts intravenously fails to raise the 
leukocyte zinc concentration or to influence 
the course of the disease. The phenomenon 
is apparently independent of the maturity of 
the cells. 

Changes in Urine Content.—The normal 
zine content of urine, 0.3 to 0.4 mg. per 
24-hour volume, has been found to rise 
sevenfold, to 2.1 mg. per 24-hour volume, 
in patients with albuminuria. Recently a 
significant zincuria in Laeénnec’s cirrhosis 
has been noted. 


Toxicology and Industrial Hazards 


Zine poisoning may occur as a result of 
three distinct processes: (1) the ingestion 
of toxic amounts of zinc with food or drink; 
(2) direct contact with zine or zinc salts; 
(3) the inhalation of fairly high concentra- 
tions of freshly formed zinc oxide fumes.** 

The ingestion of toxic amounts of excess 
zine in food results in an acute and transi- 
tory illness within a few minutes after 
The symptoms may include 
malaise, dizziness, tightness of the throat, 
emesis, colic, and diarrhea. Stool cultures 
are negative, and a history of “food poison- 
ing” cannot be elicited.2* The excess zinc 
intake can usually be attributed to the prep- 
aration of acid foods (fruits, juices, stewed 
fruits) in galvanized containers resulting 
in solubilization of zinc. The treatment is 
symptomatic and supportive; preventive 
measures will obviate a recurrence. 


ingestion. 


In general, zinc and zinc salts are well 
tolerated by the human skin. Poisoning due 
to direct contact with zine or zinc salts has 
been reported repeatedly, though it seems 
to be a relatively rare occurrence. A contact 
dermatitis attributable to exposure to zinc 
chromate has been observed. It is trouble- 
some, persists long after the exposure, and 
is quite disfiguring. The chromate is, how- 
ever, presumed to be the prime offender.”® 
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The problem of “metal fume fever” 
(“galvo,” “brass-founders’ ague,” “brass 
chills,” “zinc shakes,” “spelter shakes’’) 
occupies by far the most prominent role 
among the possible toxic roles of zinc. In- 
creasing attention to the subject has 
produced little further insight into the mech- 
anisms of action of the metal fumes in the 
production of the syndrome. 

The inhalation of zinc oxide fumes results 
in fever, malaise and depression, cough 
which may become violent enough to induce 
vomiting, excessive salivation, and headache. 
The occurrence of gastrointestinal symptoms 
is disputed by most authors, though some 
claim to have observed colic.2* A sweetish 
taste has usually been noted to accompany 
the attack. A high white blood cell count 
is typical. Increases in urinary urobilinogen 
and zine excretion have been observed. 

About eight hours after exposure, while 
the temperature and white blood cell count 
have been rising, a chill may occur when 
the temperature reaches 103-104 F, followed 
by a drop of the temperature to normal, 
while the leukocytosis may persist for an- 
other 24 hours. The effect of zinc is not 
cumulative and does not predispose to other 
disorders of the respiratory tract. Zinc 
oxide is not the only metal oxide giving rise 
to this syndrome. Inhalation of cadmium 
oxide may also produce severe reactions 
which may be fatal, while similar but less 
severe reactions may be observed due to 
the inhalation of magnesium oxide fumes. 
No reaction is observed following the in- 
halation of ferric or aluminum oxide. 

Metal fume fever is potentially encoun- 
tered wherever zinc oxide is an industrial 
product or by-product: zine smelting, the 
manufacture of zinc oxide and zine powder, 
the manufacture of brass, the welding of 
galvanized iron.** The disease is self-lim- 
ited, and its treatment is symptomatic, 
consisting of general supportive measures. 

Obviously, the prevention of metal fume 
fever is more important than its treatment. 
Preventive measures are easily instituted 
and aim at concentration of less than 15 
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mg. of zine oxide per cubic meter for eight 
hours. When exposures for short periods 


cannot be avoided, respirators should be 
used. 


Summary 


Disturbances of zinc metabolism have 
been noted in a variety of conditions; their 
detection, while supplementary to established 
diagnostic procedures, does not replace these 
procedures. A great deal more experience 
is necessary before studies of zinc can be 
assigned a decisive diagnostic role. At pres- 
ent, there is no known therapeutic role for 
zine in systemic disease. 
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Counselors 


HENRY EILBIRT, Ph.D., New York 


Introduction 


In industry, as in the community gen- 
erally, it is natural that doctor and nurse 
should be cast in counseling roles. Yet this 
role, at least in industry, is a relatively re- 
cent thing, primarily a product of the 20th 
century. Industry counseling by medical 
personnel cannot, in fact, be separated from 
the history of industry and from the growth 
of medicine in industry. 


Welfare Work in Industry 


Today’s student of industry finds it easy 
to be appalled by the conditions of life and 
work in 1900.5%46 Even in that day, the 
existence of subhuman working conditions 
was not always viewed with equanimity. 

Aside from labor and radical reactions, 
there developed a body of sentiment which 
demanded or advised that business assume 
the responsibility for its workers. This 
ameliorative position was not uncommon 
among academic students and clergymen. It 
is also clear that ameliorative practice was 
regarded “officially” with favor. For ex- 
ample, two agents of the New York State 
Department of Labor wrote, in 1904,** 
“There are many employers who . . . have 
exceeded the requirements of factory laws 
by introducing . . . a series of commendable 
features that have not alone added to the 
comfort of their employees, but have tended 
to elevate their standard of life by promot- 
ing their physical, social, moral, and intellec- 
tual well-being. These welfare institutions 
have naturally created a better understand- 
ing between employer and employed.” 

Evidently, work conditions were far better 
in some cases than in others. Some em- 
ployers were personally considerate of their 
work forces. Some provided their workmen 
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with comparatively good physical environ- 
ments. Yet the total number of such firms 
did not comprise a large section of industry. 
Precise figures are not available. A study 
of four volumes ‘+1554? dealing with this 
subject, published in 1900, and of the pages 
of the periodical Social Service for that year 
indicates several hundred names, if all the 
names of firms mentioned are accepted. One 
estimate indicates that approximately 1,500,- 
000 workers were working for businesses 
utilizing welfare features in the first decade 
of the century.?! 


Industrial Medicine at the Turn of the 
Century 

Medical research in industry, primarily 
in occupational diseases and hazards, has a 
considerable antiquity.** The provision of 
medical care in American industry dates 
back, at least, to the post-Civil-War period. 
“As early as 1867, the Southern Pacific 
Railroad Company rented a residence in 
Sacramento, California, for a temporary 
hospital.” 12 Nevertheless, there were few 
situations, at the turn of the century, of 
which one could say that anything but the 
most superficial medical care was being pro- 
vided. Frankel and Fleisher mention only 
three firms engaged in such work prior to 
1900. This figure is not intended as a 
accurate estimate, since the authors were 
apparently selecting only some of the out- 
standing cases. However, examination of 
the four volumes describing personnel prac- 
tices at the end of the century shows an 
average of only a little more than five 
companies listed per volume, even if one is 
generous in defining medical attention. 

Such superficial details are here included 
as paying for the services of a physician 
and for medicines required in the event of 
accident (two firms); provision of free 
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beds in a public hospital (one firm); the 
supervision of the physical condition of 
female employees by matrons, whose quali- 
fications are not presented (two firms); a 
physical examination, purpose unstated (one 
firm); a rest room with beds and medicines 
(one firm), and a rest room with an ar- 
rangement for calling a physician in cases 
of illness (two firms).1* That such things 
should be cited at all tends to bear out the 
paucity of medical facilities and care. 

The records show that there were several 
firms which employed physicians, however, 
on a regular basis, to attend employees’ ill- 
ness or injury (sometimes even including 
the family 


Welfare Work and Industrial Medicine 


Welfare work in industry was a some- 
what amorphous term. It included any 
advantage or benefit systematically made 
available by an employer to his employees 
which went beyond legal requirements. The 
advantages and benefits differed widely, 
even though they might all be placed in the 
same general category of welfare work. To 
begin with, many of them dealt with housing 
and homekeeping, with recreational and edu- 
cational aid or provision, and with many 
variations of financial aid. These “eleva- 
tion” efforts, largely dealing with extra- 
work matters, appear to have predominated 
before the present century. 


Before long, however, some employers 
became aware of the welfare involved in 
better working conditions, cleanliness, ven- 
tilation, heating, washing facilities, seating 
facilities, and hot meals. 

Thus, the broad area of welfare work and 
the narrower field of industrial medicine 
were bound to overlap. Both were interested 
in the area of industrial hygiene, in con- 
serving human health at work. From indus- 
trial hygiene to the provision of medical 
facilities and care by medical personnel was 
not too long a step. 

It is not surprising, therefore, to find 
that industrial hygiene and medicine, before 
long, permeated welfare efforts. 
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A com- 


parison of the addresses at the National 
Civil Federation Conferences on Welfare 
Work in 1904 and again in 1911 shows the 
contrast clearly. The provision of library 
services, club houses, moral training, esthetic 
life, and entertainment is almost gone. In 
their stead, there is a recital of a variety of 
clinical problems in medical work and hy- 
giene in industry. 

A comparison of two reports of the 
Bureau of Labor Statistics, one of 1900, 
the other of 1913, leads to a similar conclu- 
sion. The 1913 report mentions only 50 
firms, but one-fifth have medical services.** 
Olmsted’s report of 1900 shows far fewer 
instances of this, although at least as many 
firms are mentioned.*! Since both reports 
detailed welfare work in general, this differ- 
ence is apparently due to a change in the 
prevalence of medical work rather than to 
the viewpoint of the observers. 

Still another bulletin of the Bureau 
includes instances of both kinds. It is il- 
luminating to read, therefore, that a “con- 
siderable number [of managements] say. . . 
the medical provision is the best and most 
helpful work [of this kind].”*° No other 
efforts are cited as being best by any num- 
ber of executives. 

This should be compared with the opinion 
of an advocate of welfare work, who wrote, 
in 1901 **: “In advising an employer what 
form of industrial betterment he will find 
the most important, I place [first] a pro- 
vision for a home.” 

It is instructive to read an account of the 
work of the National Cash Register Com- 
pany written by this observer in 1912 ** and 
to compare it with his account of 1900. Not 
only is there, at the later date, more stress 
on medicine and hygiene but even those 
activities which existed in 1900, the land- 
scape gardening, home planting, officers’ 
clubs, etc., are now discovered to possess 
hygienic or medical worth. 


Thus, welfare work was a more broadly 
conceived and less specific ideal than in- 
dustrial health. Yet the two overlapped. In- 
deed, industrial health played an increasingly 
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important part in welfare work as time went 
by. 

The relation is also observable when com- 
pany officers who administered welfare ef- 
forts are identified. Many probably had 
backgrounds in philanthropic social 
work.”*48 Some of the so-called social or 
welfare secretaries or managers were merely 
respectable, mature women known to the 
employer or executive. Among the men, 
some were medical professionals. As early 
as 1901, the Colorado Fuel and Iron Com- 
pany created a Sociological Department to 
deal with some of the usual welfare matters. 
To head it, the management appointed R. 
W. Corwin, M.D.7 And, by 1911, we may 
note the comment that the doctor is the hub 
of welfare work at the Westinghouse Lamp 


Growth of Industrial Medicine 


Although medical care was as yet un- 
common, there was a sprinkling of medical 
personnel in industry by 1900. The increas- 
ing emphasis on industrial health was 
naturally conducive to an increasing use 
of medical personnel. 

Lescohier’s statement that by 1912 there 
were hundreds of physicians who worked 
with industry, though not as full-time em- 
ployees, is indicative.*!” By 1914, industrial 
medicine had developed sufficiently so that 
the 39th annual meeting of the American 
Academy of Medicine was devoted to the 
“Practice of Medicine in the Industries.” 
Significantly, in his presidential address of 
1919 to the American Association of In- 
dustrial Physicians and Surgeons, Mock told 
the assembly : 

“In four short years, Industrial Medicine 
has emerged as one of the foremost special- 
ties in our profession ... . In 1916 only a 
few concerns had adopted . . . health service, 
but since then hundreds of industries have 
installed a portion or all of the standards 
represented by the terms Industrial Medi- 
cine and Surgery.” 

Lescohier’s summary of a Bureau of 
Labor Statistics study of 1919 shows 375 
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of the 431 firms covered in the survey 
providing medical services, 70% with hospi- 
tal or emergency rooms, 50% using nurses, 
and 45% having the services of doctors.” 

Medicine in industry did not show merely 
quantitative growth. It was undergoing ex- 
pansion in scope. Mock talked in 1911, with 
some acidity about “non-service-connected 
conditions” for which employees 
visited the company By 1919, 
however, he was talking about “human main- 
tenance work” and envisaging “a compre- 
hensive system of health service.” 77% It was 
a doctor, Talbot, who, beginning in 1911, 
published the periodical Human Engineer- 
ing, a term which he defined as a new pro- 
fession for dealing with labor. The “finger 
wrappers” and first-aid men and women, ‘at 
first confined merely to the factory ailment 
were soon in other phases of employee serv- 
ice, at the very least in theory. 


some 
doctor. 


The economist, Commons, wrote, in 1919,° 
“The workers need to be encouraged to 
complain in advance of serious complaints 
.. . . How far the nurse or doctor will be 
able to go, whether into the shop or even 
into the homes, is limited by their personal- 
ity.” How far this might go is illuminated 
by the words of an eminent industrial phy- 
sician, Mock**: “industrial medicine em- 
braces] constant supervision of the health 
of employees including a study of each 
individual. .. . The daily intercourse between 
the employed and the employer and_ the 
home environments of the working force 

it involves, in fact, every human 
equation in this problem which affects the 
health and efficiency of the individual.” 

Why had medical care become desirable 
in industry during this period, the two dec- 
ades following the turn of the century? It 
was clear to contemporary observers that 
increasing mechanization of industry had 
increased the incidence of illness and injury 
in industry. Litigation and legislation sug- 
gested the wisdom of preventive measures. 
The utilization of industrial medical per- 
sonnel and of industrial hospital facilities 
was a natural consequence. 
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Substantial American interest in work- 
men’s compensation lagged behind that in 
Germany and Britain.' One contemporary 
observer noted, soon after 1900, that Ameri- 
can writers had begun to take note of Ger- 
man accident insurance by 1898, but that ™ 
“Very little general interest was shown in 
the matter until 1903 and 1904, when writers 
and students of industrial problems began to 
flood the country with articles on the sub- 
ject and organizations turned to a 
serious study of the problem.” 


The widespread public concern, the pres- 
sure upon public relief funds by the disabled, 
plus the example of foreign laws led finally 
to legislation here. While virtually no laws 
existed for workmen’s compensation in 1910, 
by the end of the next decade, 41 states 
had enacted such laws.':*5 

Court trials, compensation, and factory 
regulation laws were increasing in number. 
Naturally, management’s efforts in the direc- 
tion of preventive efforts increased, too. Pre- 
vention could reduce the number of injuries 
and mitigate their severity, hence reducing 
the liabilities faced. Selecting workers more 
carefully could also contribute to preven- 
tion. 

In 1919, Selby, summarizing employer 
motives for the utilization of industrial medi- 
cal service, listed seven **: 

1. Acknowledgment of 
who are injured 

2. Minimization of lost time 

3. Removal of unstabilizing influences and re- 
duction of turnover 

4. Stimulation of production 

5. Prevention of litigation and reduction of com- 
pensation expense 

6. Contribution to employee sense of security 
and aid to building good will 

7. Necessity in isolated industrial establishments. 


obligation to workers 


The comparative importance of Point 5 
is perhaps indicated, however, in the single 
illustrative example which he offers of how 
medical service developed in one instance **: 
“|The company officers] . . . came to realize 
that expenditures for compensation to in- 
jured employees had become considerable 
and were mounting. . . . They decided to 
employ a claim adjuster. . . . Evidently this 
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man believed in the prevention of claims. 
He initiated safety work, and subsequently 
was instrumental in obtaining a good dis- 
pensary and a proficient medical staff.” 

It is thus understandable that the com- 
pensation laws are frequently credited with 
having been the most powerful stimulus to 
industrial medicine. Lange, a student of 
personnel health services in industry, has 
marked 1910 as the major turning point in 
this evolution.”° 


Obviously, in assuming the expense bur- 
den of employing medical personnel and 
making medical care available, managements 
were motivated by some notion of cost and 
return. “We are in industry,” an industrial 
physician told a group of doctors and 
nurses in 1921, “to reduce the employers’ 
loss from ill health among his employees.” * 

Henderson, a life-long student of better- 
ment and welfare, devoted a section of his 
last volume on this subject (published in 
1915) to the cost and gains of safety and 
health measures. This was not merely 
academic interest. The section contains ac- 
counting figures for expenses and estimated 
gains for a number of firms.’ Elsewhere, 
specific cost estimates, ranging from $2.50 
to $7.00 per employee, are cited.” Clearly, 
some had attempted to compute the gain 
possible from medical work. 


In a more general way, one welfare 
officer of the time referred to medical work 
as benefiting the employer materially “be- 
cause when the employee is in a good physi- 
cal condition and a happy frame of mind 
better and more conscientious work is 
done.”* Another facet of cost-return logic 
concerned the company which was “brutally 
indifferent to the physical and intellectual 
well-being of its men” and to its consequent 
difficulty in “getting the best class of 
help.” ** Still less tangible was the probable 
conviction in the minds of some that the 
utilization of medical personnel would build 
good will and loyalty to management. Argu- 


“* Address by Dr. Lucy A. Bannister, as reported 
in the National Civic Federation Review (3:21 
[Sept.] 1908). 
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ing tor shop hygiene improvements, Talbot 
(a doctor) observed that medical officers of 
the right kind “can do much to foster the 
best kind of esprit de corps and trade 
enthusiasm.” * Clark, in describing the 
work of the Norton Company, referred to 
the expected increase in the “already well- 
marked good feeling between the men and 
the company.” * Such talk by industrial 
doctors suggests that they were appealing to 
what they conceived to be a valid or effec- 
tive motive. 

Still another aspect of the “it pays” 
explanation for medical care is related to the 
publicity it could afford to the donor. Some 
managements might employ these efforts 
in order to advertise. Note the story told 
by a labor consultant about an enthusiastic 
employer, who is alleged to have told the 
physician,'"® “Spare no expense, Doctor, 
and do... [it] in a way we will be proud 
of and that our advertising department will 
approve.” The story may be apocryhal. Yet 
it probably represents a not infrequent man- 
agement attitude. 


Doctor and Nurse as Industrial 
Counselors 

The clinical role in which doctor and 
nurse are cast may not make a counseling 
relationship inevitable. But such a relation- 
ship is not easy to avoid. To deal with 
people who come to you with their troubles 
is almost certain to lead to some form of 
counsel-giving. And, by any practical defi- 
nition, employee counseling must be con- 
sidered as an activity in which some one 
employed by management acts in a person- 
to-person relationship interviewing em- 
ployees who face personal problems and 
attempts to solve or ameliorate these, by 
means of the interview or of the subsequent 
action by either the counselor or the em- 
ployee. And, by any practical test, medical 
personnel are to be found performing such 
duties. 


The Industrial Nurse 


Nurses in industry do not find frequent 
mention in the writing of the period pre- 
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ceding 1900. McGrath has noted only three 
instances where firms used industrial nurses 
in the 19th century.** 

The presence of an industrial nurse with- 
in a company was reported at the National 
Civic Federation Welfare Workers’ Con- 
ference of 1904.2° Thereafter, one begins 
to find more frequent mention of the in- 
dustrial nurse. Indeed, a Bureau of Labor 
Statistics study in 1919 of 431 firms pro- 
viding welfare services for employees indi- 
cates 50% using nurses’ services.”* 

Nurses may well have been commoner 
in busines than doctors. According to Mary 
Beard, “In many instances, during the past 
ten years, the industrial nurse has been the 
only health agent employed by manage- 
ment.” * Hamilton, in her recollection of the 
period following the passage of the work- 
men’s compensation laws, has written: “In 
those days I would often find a nurse in full 
charge” (of all medical work in a com- 
pany).’* The Bureau of Labor Statistics 
survey to which reference has been made 
showed a slightly greater use of nurses than 
of doctors. 

From the first, one feature of the em- 
ployment of nurses tended to enlarge their 
counseling function. This was their visiting 
of homes. A careful student of the field 
has concluded that in their early work the 
care of injuries was entirely subsidiary to 
the home visiting service.** And the Bureau 
of Labor Statistics description of the duties 
of visiting nurses shows that the same ern- 
phasis on philanthropic assistance and a 
“social work approach” were still common 
in the second decade of this century. 

During these visits the close personal 
contacts could be developed which resulted 
in a counseling relationship. As one of the 
industrial nurses pointed out, her visits 
showed her whether the care advised was 
being properly followed and enabled her to 
“unravel delicate social problems.”* Of 
course, advice with respect to personal habits 
of cleanliness, sanitation, ventilation, and 
the like was common. And, without doubt, 
the uncertain line which separates personal 
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health from other aspects of personal con- 
duct was often crossed by these nurses. 

Within the plant, the nurse, through her 
contact with individual employees, tended 
to be placed in a position of confidence. If 
her original duties concerned splinter re- 
moval or acetylsalicylic acid (aspirin) ad- 
ministration, it was soon apparent that here 
again the scope of operations could expand. 
It was easy, for example, for her to move 
toward treatment and advice regarding 
functional complaints, to the control of 
“headaches, hysteria, and small ailments,” 
and to the “general care of the girls.” *7 
Presently, the nurse could be found dis- 
cussing both the medical and the employment 
sides of “fainting spells” with a worker.* 
Indeed, in this case, the nurse will be seen 
as a clear-cut communication channel, “a 
good interpreter . . . of the employer to the 
workmen.” 

An editorial in Survey (1910), in de- 
scribing the work of a trained nurse in one 
firm, commented on its medical facets and 
added that this lady offered “all kinds of 
general advice from headaches and lovers 
to colds and hot lunches.” 3 While else- 
where, one reads that “family problems of 
all sorts” are brought to a nurse’s office § 
and that the “the nurse becomes a sort of 
family counselor.” ® 

These expressions indicate that the coun- 
seling done by the nurse was not solely 
medical. In fact, nurses served in “‘welfare”’ 
posts.*° Tolman refers, for example, to a 
“store matron,” employed at Macy’s (at 
least as early as 1908), who was a trained 
nurse.** Her job was to look after the 
general health and welfare of employees and 
assist them in solving their personal prob- 
lems. 

Crandall’s summary of the work done by 
nurses during the early part of the century 
categories seven headings §: 

1. First aid and dispensary service 

2. Hospital duty 

3. Observation of employees in factory and plant 
inspection 

4. Consultation (chiefly for women) 

5. Health and hygiene education 
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6. Home visits for nursing and social service or 
domestic education 

7. Record keeping. 
It is evident that Activities 4 and 6, at least, 
were of a counseling nature. 


The Doctor as Counselor 


It is probable that most industrial doctors 
limited their efforts to purely medical mat- 
ters, primarily first aid and industrial injury 
treatment. In fact, the quality of early 
medical work in industry is in some question. 
In 1920, two doctors wrote,” ““Much of the 
so-called medicine in vogue today is being 
done by . . . unsuccessful general practi- 
tioners who take . . . badly paid factory 
positions as [a] last bulwark against dis- 
aster.” Or,?* “Then there are the ‘would 
be’ industrial surgeons . . . that kind which 
brought the name ‘company doctor’ into 
disrepute.” 

It is even uncertain whether early in- 
dustrial physicians did much counseling. 
Purely medical or surgical practice, or even 
first aid, conscientiously performed, could 
lead to valuable counsel. The doctor at the 
American Pulley Company suggested,** “At 
each re-examination a comparison should be 
made with the record of previous inspec- 
tions to see wherein the individual is im- 
proving or deteriorating. In each case, the 
worker should be apprised of his condition 
and given complete instructions as to the 
best course to pursue. So often the routine 
tests are made with no remarks to the em- 
ployee as if putting data on a record card 
were the sole aim’ (italics added by me). 

Depending on their training, insight, 
temperament, and other factors, other doc- 
tors doubtless were more inclusive and in- 
trusive in the advice offered to employee 
patients. The step from medical prescrip- 
tion to counsel respecting conduct was not 
too long. The doctor might be “able to use 
his influence to prevent the minor vices” 
(oversmoking, late hours, sprees), since 
“working men will listen to advice from 
a doctor.” 4 

A sympathetic ear and manner resulted 
in shared difficulties. The employee “will 
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discuss many things with him freely.” * 
Another observer found the “men more 
and more taking the doctor into their con- 
fidence.” And Selby observed ** “The 
greatest worries that beset employees are 
those which belong to their private affairs, 
yet they are of definite interest to . . . em- 
ployers. . . . While listening to other folk’s 
troubles is not a function of medicine, it has 
become an obligation to physicians, whether 
in home or factory . . . . the physician is 
the one person in the industrial organization 
to whom the workers may feel inclined to 
go with their troubles.” 

A management organization, in outlining 
the duties of industrial physicians, included, 
besides treatment, the proper adjustment of 
“disturbing factors” (including home con- 
ditions) and the establishment of confidence, 
so that employees will bring questions about 
work, families, or themselves to the doctor 
for “‘sympathetic interest” and “practical ad- 
vice.” 3° 

That some of these troubles might deal 
with the employment situation itself may 
be deduced from the foregoing and from 
Selby’s statement that ** “Industrial Phy- 
sicians meet with many opportunities to 
clear up differences between employer and 
employees . . . . they are able to foster 
the feeling of good will which is so essential 
to competent supervision. In seeking to do 
so they should betray no confidence.” 

Finally, one finds contemporary mention 
of the doctor as a kind of placement counse- 
lor. In the words of one doctor, the job 
might be done by “giving the workman 
valuable information and advice as to his 
condition and in fitting him to work that 
he is physically and temperamentally capable 
of doing.” !! “Transfers,” a “parson” told 
an audience in 1916, “for reasons affecting 
the health of employees are being made at 
the rate on the average of 53 per day.” ** 

It is, nevertheless, doubtful that this was 
common practice or that the physical exami- 
nation served extensively for counseling. 
Selby refers to “much talk about fitting 
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workmen to their jobs” with “very little 
evidence of its being scientifically done.” ** 
A Bureau of Labor Statistics study indi- 
cated that the main purpose was exclusion, 
weeding out men for physical incapacity, 
but “in a very few instances [sic] medical 
departments helped the employee to correct 
revealed defects.’*° And Frankel and 
Fleisher, perhaps unconsciously, indicated 
the rarity of such practice in saying: “it is 
even possible that the company physician 
may so advise an applicant .. . that he may 
later take up work with the firm.” 


Conclusion 


The personal relationships between medi- 
cal personnel and business employees have 
to be inferred from the statements and ob- 
servation of contemporaries. They must also 
be viewed against the backdrop of a new 
(at the outset of the century) attitude in 
industry, expressed both in welfare work 
in industry and in the introduction of medi- 
cal care in industry. 

To conclude that medical personnel have 
been invariably involved in counseling re- 
lationships would appear wrong. That most 
of the counseling concerned matters of phy- 
sical health may be assumed. Some extra- 
medical or extrahygienic counseling would 
also appear to have occurred. 


The City College, School of Business and Civic 
Administration, 17 Lexington Ave. (10). 
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A Radiometric and Autoradiographic Study of the Distribution of Mercuric 
Chloride and Phenylmercuric Acetate 


Distribution of Two Mercury Compounds in Rabbits 
After a Single Subcutaneous Injection 


LARS FRIBERG, M.D.; ERIK ODEBLAD, M.D., and SVEN FORSSMAN, M.D., Stockholm, Sweden 


Organic mercury compounds produce 
toxic manifestations differing to some extent 
from those of the inorganic compounds.'* 
‘or instance, the symptoms from the central 
nervous system are more pronounced and 
graver in organic mercury poisoning. The 
reason for the difference in toxicity is not 
known. High mercury content, however, 
was found in the brain (340 to 970ug per 
100 gm. of wet substance) of persons who 
died of poisoning by organic mercury com- 
pounds,”:* while almost no mercury was con- 
sidered to be deposited in the brain * after 
poisoning with inorganic mercury. 

In animal experiments it has long been 
known that inorganic mercury accumulates 
predominantly in the kidneys, and only a 
small percentage is demonstrated in the 
brain, even after protracted exposure.*? 
Considerably less is known of organic mer- 
cury compounds. They appear, however, to 
be extensively deposited in the kidneys and 
the liver.*'* Relatively high contents have also 
been demonstrated in the brain.* 

Direct comparison between the distribu- 
tion of organic and inorganic mercury, as 
far as we know, has been made only by 
Prickett et al.° These writers studied the 
accumulation of mercury in various organs 
in rats after intravenous administration of 
mercuric acetate and phenylmercuric ace- 
tate. Deposition took place mainly in the 
kidneys but also to an appreciable extent in 
~ Received for publication Jan. 29, 1957. 

From the Institute of Hygiene and the Isotope 
Laboratory of the Institute of Gynecology, Karo- 
linska Institutet, and the Department of Industrial 
Hygiene, the National Institute of Public Health. 


the liver. Mercury could not be demonstrated 
in the spleen, muscles, bones, or brain. Con- 
siderably more inorganic than organic mer- 
cury appeared in the kidneys during the first 
24 hours after injection. This circumstance 
was reversed as regards the liver. 

Concerning the more precise location of 
mercury in organs, we have found only the 
brief report of Lippman et al.” that mer- 
curic chloride accumulates in the adrenal 
cortex, 

We now present the results of compara- 
tive studies with mercuric chloride and 
phenylmercuric acetate. At various inter- 
vals after single exposure to these com- 
pounds, their distribution in organs and 
their exact location was investigated. By 
using radioactive mercury with high specific 
activity we also attempted to determine the 
deposition and location of mercury in the 
brain. This was considered to be important 
in view of the prominence of cerebral symp- 
toms in mercury poisoning. 


Personal Investigations 


The distribution of mercury in various 
organs and in blood was studied in rabbits 
1, 6, and 40 days after a single subcutaneous 
injection of mercuric chloride or phenyl- 
mercuric acetate, both labeled with radio- 
active mercury (Hg***). The mercury 
content was radiometrically determined with 
a scintillation detector. The more exact lo- 
cation in organs (after one and six days) 
was studied by autoradiography. When the 
rabbits were killed the brain was as far 
as possible exsanguinated, as it was antici- 
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Distribution of Mercury in Organs and in Blood 


Mercury Content, y/Gm. Wet Weight 


Rabbit Killed 
After, 


Days 


Blood Liver 


1 


Phenylmercuric 
acetate 


Mercuric 
chloride 


Kidney Spleen Brain 


Cerebrum Cerebellum Brain Stem 
0.041 
0.070 
0.048 
0.085 
0.049 


‘ 
59 
63 
43 
64 


35 
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pated that the content of mercury in the 
blood would be higher than that in the 


brain tissue. 


Methods 


Radioactive mercury was obtained from Atomic 
Energy of Canada, Ltd, as HgO labeled with 
Hg™ (half-life 47 days). Hg™ gives off B-rays 
of 0.20 mev, which are followed by y-radiation of 
0.28 mev. Fifteen per cent of the latter is con- 
verted. These properties render Hg™ particularly 
suitable for both autoradiography and scintillation 
counting. 

The radioactive phenylmercuric acetate and mer- 
curic chloride were prepared as follows *: Radio- 
active HgO, 0.5 gm., was dissolved in 0.45 ml. of 
glacial acetic acid + 5 ml. of distilled water. 
Phenylmercuric hydroxide (Edwal laboratories), 
0.2967 gm.—equivalent to 0.2 gm. of HgO—was 
added and, to assist solution, 20 ml. of ethanol. 
According to previous experience the exchange 
was considered to be complete in two days. The 
next step consisted of separating the inorganic 
mercury from the organic salt. This was accom- 
plished by adding 2.53 ml. of 5N NaOH solution 
until pH=6. The precipitated HgO was filtered 
off, and the filtrate was allowed to evaporate at 
room temperature. In this way the organic solvents 
and water were removed. White crystals were ob- 
tained, and these were carefully dissolved in water. 
The phenylmercuric acetate solution was analyzed 
according to a modification of the method of 
Johansson and Uhrnell.” For the analysis 0.35 gm. 
of the precipitated HgO was dissolved in 19 ml. 
of 1N HCl, and this solution was diluted with 
distilled water to 100 ml. 

The mercury content in organs and in blood was 
determined by measuring the radioactivity with a 
scintillation detector (Tracerlab) connected to a 


* Carried out by O. Lindstrom, Techn. Lic., AB 
Casco, Stockholm. 
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scalor (Tracerlab). Whole blood and tissue sec- 
tions weighing about 1 gm. and fixed in 10% 
formalin were studied. Comparison was made with 
a standard consisting of a known quantity of radio- 
mercury in 1 ml. aqueous solution. 


At the beginning of the experiments the mer- 
curic chloride gave 6200 counts per minute 
(c.p.m.) and the phenylmercuric acetate 4570 
c.p.m./yHg. 

Autoradiographs were performed with the fol- 
lowing technique: After fixation for at least 45 
hours the tissue sections were immersed in 95% 
alcohol for 12 hours, pure alcohol for 12 hours, 
and xylene for 6 hours and were embedded in 
paraffin containing 5% of beeswax. Specimens 
measuring 10” were cut and mounted on methac- 
rylate slides. They were deparaffinized in xylene 
and pure alcohol. Exposure on Gaevert no-screen 
x-ray film was then carried out with the technique 
described by Odeblad.* The periods of exposure 
were equal for tissue containing organic and in- 
organic mercury, respectively; 18 days were al- 
lowed for liver, kidney, and spleen, 21 days for 
cerebellum, and 37 days for cerebrum and brain 
stem. The dissolution of radiomercury in the 
various histologic agents’ was checked and was 
found to be negligible. 

The rabbits were killed under anesthesia by 
bleeding (cutting into the right cardiac ventricle). 
The anesthetic was an intravenously injected solu- 
tion containing 4.8 gm. of pentobarbital sodium 
(Nembutal) and 22.5 gm. of urethan per 100 mi. 

For exsanguination of the brain, the organ was 
perfused with isotonic saline solution and for- 
malin. The method of Broman and Olsson™ was 
used, except that we made the formalin slightly 
alkaline (pH about 7.5) by the addition of sodium 
bicarbonate. When the thorax was opened a can- 
nula was inserted cranially into the descending 
aorta. The cannula was attached via a fine plastic 
tube to two flasks placed about 80 cm. above the 
level of the heart. One flask contained filtered 
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isotonic saline solution and the other, filtered 10% 
formalin solution. Perfusion was first made with 
about 300 ml. of saline and then with the same 
volume of formalin solution. The time between 
opening the thorax and commencing perfusion in 
no case exceeded five minutes. 

The cerebrum, cerebellum, brain stem, and speci- 
mens from the liver, spleen, and kidneys were 
placed in separate jars with alkaline formalin. 
Sections were taken for radiometric determination, 
and the remainder were used for autoradiography. 

When the radioactivity of the organs was 
measured (about one day after they had been 
placed in formalin), the radioactivity of the for- 
malin was also determined. Throughout the ex- 
periments the mean release of mercury from the 
specimens into the formalin was less than 5%. As 
a rule, it was only about 1%. 

Two groups of male rabbits (mean weight about 
2.5 kg.) were given a single subcutaneous injection 
of 2 mg. Hg/kg. of body weight as an aqueous 
solution of mercuric chloride (1.45 mg. Hg/ml.), 
or phenylmercuric acetate (1.25 mg. Hg/ml.). 
Two or three rabbits from each group were killed 
after 1, 6, and 40 days, respectively. 


Results 

The Distribution of Mercury in Various 
Organs.—The distribution of mercury is 
shown in the Table. The kidneys contained 
by far the most mercury, with the liver next. 
Mercury was demonstrable in the brain, but 
only in small amounts.¢ No statistically 
significant difference was shown between the 
respective mercury contents of the cerebrum, 
cerebellum, and brain stem. 

The concentrations of mercury were of 
the same order of magnitude in the rabbits 
injected with organic mercury and in those 
given inorganic mercury. The readings suc- 
cessively fell, and after 40 days they were 
on the average less than 20% of the con- 
centrations 1 day after injection. The only 
exception was provided by the kidneys after 
injection of inorganic mercury; on the 6th 
postinjection day the renal content of mer- 
cury was higher than after 1 day, and on the 
40th day it was about 60% of the one-day 
reading. 

Autoradiographs.—Kidneys: Almost all 
the mercury in the kidneys was found in the 
” +The concentration of mercury was not sig- 


nificantly higher in one rabbit (given inorganic 
mercury), on which perfusion was not made. 
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Fig. 1.—Autoradiograph (kidney) six days after 
injection of organic mercury. The high uptake in 
the cortex contrasts markedly with the small up- 
take in the medulla; x 7. On all autoradiographs 
white areas indicate radioactivity. 


cortex (Fig. 1). There was an obvious pat- 
tern. This was partly attributable to lack 
of radioactivity in the glomeruli (Fig. 2), 
but there were also other, unidentified struc- 
tures showing only slight activity. Certain 
parts of,the nephrons, however, contai:ed 
much mercury. There was no clear differ- 
ence between the specimens taken one and 
six days after injection or between organic 
and inorganic mercury. 

Liver: Six days after injection of in- 
organic mercury the autoradiographs of liver 
tissue presented a typical distribution pat- 
tern. There was manifest localization to 
areas with connective tissue and bile ducts 
close to the portal veins, in contrast to the 
surrounding faint, even distribution (Figs. 
3 and 4). This pattern was only faintly 
discernible in the one-day autoradiographs. 


Fig. 2.—Histologic slide (left) and autoradio- 
graph (right) showing part of a kidney one day 
after injection of inorganic mercury. Arrow in- 
dicates a glomerulus which appears to contain only 
small amounts of radiomercury as compared with 
the surrounding structure; X< 26. 
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Fig. 3.—Uptake of imor- 
ganic (left) and organic 
(right) mercury in the liver, 
indicating the difference in 
uptake six days after injec- 


tion; X 7. 


Organic mercury produced different 
autoradiographs (Fig. 3). Instead of the 
pronounced periportal localization of radio- 
mercury there was more even distribution, 
but with areas of slightly denser concen- 
tration around the portal veins. 

The reticuloendothelial system of the liver 
showed no sign of specific accumulation of 
radioactive organic or inorganic mercury. 

Spleen: The autoradiographs were faint 
and showed higher density corresponding to 
the red than to the white pulp. No difference 
was found between one-day and six-day 
specimens or between organic and inorganic 
mercury. 

Cerebrum, Cerebellum, and Brain Stem: 
Activity was not observed in any part of 
the specimens. 

Fig. 4.—Autoradiograph (liver) seven days after 
injection of inorganic mercury. parison with 
the histologic section showed that the uptake is 


localized to areas with connective tissue and bile 
ducts close to the portal veins; X 27. 


Comment and Conclusions 


The deposition of mercury was almost 
invariably similar whether organic or in- 
organic compounds were injected. This was 
considered remarkable in view of the dif- 
ferences in the clinical picture of toxicity 
from these compounds. Of special interest 
in this connection were the readings in brain 
tissue, which throughout the experiments 
were very low. 


The kidneys always contained most mer- 
cury. Certain differences between the 
compounds were seen, however. Thus, inor- 
ganic mercury seemed to disappear more 
slowly from the kidneys than organic mer- 
cury. This indicates conformity with the 
general clinical experience that renal damage 
is a considerably more conspicuous feature 
of inorganic than organic mercury poison- 
ing. An analogous difference in toxicity was 
observed in animals after single and re- 
peated exposure (Swensson: 


communication to the authors). 


personal 


The amount of mercury in the spleen 
and, above all, in the brain differed from 
previously published findings. Thus Prick- 
ett et al.® could not demonstrate mercury 
in either of these organs. This discrepancy, 
however, probably is attributable to the 
lower mercury dosage and considerably less 
sensitive analytical method used by these 


writers. Greater and less easily explairied 
differences, on the other hand, exist between 
our results and those of Swensson* as re- 
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gards deposition of mercury in the brain. 
Swensson found that after a single intra- 
venous injection of methyl mercury dicyan- 
diamide the brain showed mercury content of 
the same order as that in kidney and liver 
tissue. In our study the amount of mercury 
in the brain was less than 1% of the renal 
values. Although the cause of this discrep- 
ancy is obscure, hitherto unpublished figures 
(Lindstrom, Lundgren, and Swensson, 
personal communication to the authors) 
showed that in later studies with phenyl- 
mercuric acetate labeled with radioactive 
mercury the results were largely in com- 
formity with ours. Thus, the inconsistent 
findings may have been attributable to the 
difference in the mercury compounds used. 
As this question is highly important from 
the toxicologic aspect, further investigation 
would seem to be advisable. Unfortunately, 
methyl mercury dicyandiamide was not avail- 
able to us for testing. 

The autoradiographic studies illustrated 
the other findings and, on the whole, pro- 
vided a clear picture of the location of 
radiomercury in the organs studied. That al- 
most all the mercury in the kidneys was 
present in the cortex tallies with the only 
autoradiographic investigations with radio- 
mercury hitherto published." We also 
showed that the mercury was concentrated 
in the tubuli and not—or at any rate not to 
any great extent—in the glomeruli. This 
finding was considered to be of interest 
because of the damage to the tubuli which 
results from poisoning with inorganic mer- 
cury. Remarkably, no difference was dem- 
onstrated between the results with organic 
and with inorganic mercury. The additional 
structural changes observed in the renal 
cortex were not identified. We intend, how- 
ever, to investigate further the location of 
radiomercury in the kidneys, but using film 
with greater dissolving power. 


The pattern seen in the liver specimens 


six days after injection of inorganic mer- 


There was marked 
concentration of mercury, probably in the 
periportal connective tissue, the lymph space, 


cury was very clear. 
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or the bile ducts. The mercury content of 
the gallbladder was not analyzed. The dif- 
ference between the distribution patterns of 
organic and inorganic mercury was not 
explained by our experiments. 

The cerebrum, cerebellum, and brain stem 
showed no autoradiographic activity with the 
exposure periods used. Specimens from the 
spleen, however, with radioactivity only 10 
times that of the brain tissue and fairly 
even distribution, produced clear autorad- 
iographs. Inhomogeneity with a factor 10 in 
regard to the distribution of mercury in 
the brain substance should therefore have 
been discernible in soluble details. It must 
thus be considered probable that no such 
inhomogeneity was present in the specimens 
examined. 

The autoradiographic studies will be 
continued. We intend, inter alia, to attempt 
further elucidation of the location of mer- 
cury in brain and kidney and to study other 
organs. 


Summary 


The distribution of mercuric chloride 
and phenylmercuric acetate (labeled with 
Hg*®*) in the kidneys, liver, spleen, and brain 
was studied by scintillation counting 1, 6, 
and 40 days after a single subcutaneous in- 
jection. The more precise location of the 
injected mercury was investigated by au- 
toradiography after one and six days. 

By far the highest concentrations of mer- 
cury were found in the kidneys. Next in 
order were the liver and the spleen. The 
readings in the cerebrum, cerebellum, and 
brain stem, calculated per gram of wet 
weight, were less than 1% of the cor- 
responding renal levels. No significant dif- 
ference demonstrated between the 
various parts of the brain. 


was 


Forty days after the injection the amount 
of mercury in the organs was less than 20% 
of the readings after one day. The radio- 
activity in kidney tissue after injection of 
inorganic mercury, however, did not dimin- 
ish so rapidly. Otherwise, there was no 
significant difference between the experi- 
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ments with organic and those with inorganic 
mercury. 

In the kidneys almost all the mercury 
collected in the cortex. There was a distinct 
pattern. This was partly attributable to 
lack of radioactivity in the glomeruli, but 
there were also other, unidentified structures 
which showed only slight radioactivity. There 
was no clear difference between specimens 
taken one and six days after injection or 
between organic and inorganic mercury. 

In the liver there was pronounced localiza- 
tion of mercury to the region close to the 
portal veins six days after injection of 
inorganic mercury. This was only faintly 
discernible in the one-day autoradiographs. 
Organic mercury produced a more even 
distribution pattern, except for areas of 
slightly increased density around the portal 
veins. 

All spleen specimens showed higher 
density for the red pulp than for the white 
pulp. 

The cerebrum, cerebellum, and brain stem 
showed no activity on autoradiographs. Cal- 
culations made it improbable, however, that 
there was inhomogeneity with a factor ex- 
ceeding 10 as regards the distribution of 
mercury in the specimens studied. 

National Institute of Public Health. 
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Health Hazards from Chlorine Dioxide 


JON GLOEMME, M.D., and KARL-DAVID LUNDGREN, M.D., M.P.H., Stockholm, Sweden 


Introduction 


During the past 10 to 20 years the use of 
chlorine dioxide has acquired ever-increas- 
ing importance in industry. Above all, this 
applies to the paper pulp industry, where, 
especially in the U.S.A., Canada, and 
Sweden, chlorine dioxide has been used on 
a large scale. In other spheres also, 1. e., 
the textile and the oil industries, chlorine 
dioxide has been used owing to its bleaching 
and deodorizing effect, as it also has in the 
treatment of flour and drinking water. In- 
vestigations into the importance of chlorine 
dioxide from a clinical angle and from the 
point of view of industrial hygiene have 
been rather rare. 


Technical Data 


Chlorine dioxide (ClO2) !? was first pro- 
duced in 1815 by Davy. It was not, however, 
until after the work done by Schmidt 
during the 1920’s that chlorine dioxide ac- 
quired any importance from the industrial 
point of view. Schmidt showed that with 
chlorine dioxide a mild but highly effective 
bleaching could be achieved. Ever since 
that time, technologists have attempted to 
develop bleaching processes where chlorine 
dioxide can be used. Thus, investigations 
have been made by the American firm, 
Mathieson Alkali Works, since the 1920's, 
and these have shown that the same effects 
may be achieved through the use of chlorites, 
which in acidic solution develop chlorine 
dioxide. 


Chlorine dioxide is a highly irritant gas. 
Its boiling point is +11 C, and its specific 
gravity is 2.78. The color is stated to be a 
deeper green than that of chlorine. It has 
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an unpleasant, ozone-like odor, more so than 
chlorine. It can be distinguished by smell 
from chlorine and chlorine monoxide, even 
in the presence of these gases, provided the 
concentrations are not too high. It can 
easily be broken down into chlorine and 
oxygen and when mixed with air is highly 
explosive if the content exceeds 10%. The 
risk of explosion has in the past occasioned 
technical difficulties. The gas is very easily 
soluble in water—about five times more so 
than chlorine at 10 C. Water solutions are 
broken up by light. This property also has 
led to technical difficulties. The gas, like the 
solution in water, has strongly corroding 
qualities. Most metals, with the exception of 
platinum and tantalum, and ferrosilicon al- 
loys with a high silicon content are at- 
tacked to a greater or lesser extent. Ceramic 
materials, glass, and china, as well as poly- 
vinylchlorides, when not containing fillers 
or softeners, are resistant. 


The most important sphere of application 
for chlorine dioxide is in the cellulose in- 
dustry. Chlorine dioxide destroys certain 
colored substances, especially lignin, without 
attacking the cellulose. Chlorine dioxide has 
a stronger bleaching effect than chlorine and 
gives a particularly white and at the same 


-time strong cellulose. 


Previous Investigations 


Clinical investigations —Graefe* ap- 
pears to be the first to have described a case 
of acute poisoning by chlorine dioxide. In 
this case there was loss of consciousness and 
a series of neurological and ophthalmological 
signs, and symptoms from the respiratory 
tracts. Whether this was really occasioned 
by chlorine dioxide is, however, doubtful, as 
Flury and Zernik* and later Petry® have 
already pointed out. This case, however, has 
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subsequently been frequently referred to in 
the literature, inter alios by Oettingen.® 

Rist and Ebert * reported psychical symp- 
toms, disturbances of the memory, and 
alcohol intolerance in workers in an electro- 
chemical factory. They attribute these 
troubles to the inhalation of small quantities 
of chlorine and chlorine dioxide, but this 
also does not seem convincing. 


Elkins § mentions “two cases of illness, 
one fatal resulting from exposure to chlorine 
dioxide in the paper industry, where sodium 
chlorite bleach was employed.” 

Petry ° describes exhaustively the results 
of an examination of a 53-year-old chemist 
who had been exposed to chlorine dioxide, 
partly in low concentrations over a period 
of several years and also in high concentra- 
tions in connection with three explosions. He 
reports pronounced dyspnea, a severe cough, 
and adverse effect on the general condition, 
with slow recovery. There were gradually 
increasing dyspnea and symptoms of asth- 
matic bronchitis even without exposure. On 
examination, physical signs were discovered 
of bronchitis and pronounced emphysema. 

Berg*® has observed five acute cases of 
poisoning in workers employed in producing 
sodium chloride from sodium chlorate. In 
connection with a leakage, the workers in- 
haled chlorine dioxide and small quantities 
of chlorine. The symptoms were severe 
cough and throat irritation as well as 
dyspnea, running eyes, and halo phenomena. 
There was a general feeling of sickness, in 
a couple of cases vomiting, and headaches. 
On examination, severe 
rhinopharyngitis, tracheobronchitis 
were observed. The nerve status was normal. 
In two cases the lungs were x-rayed and 
electrocardiograms were taken; the results 
were normal. The men were absent from 
work for 3 to 32 days. No after-effects 
were noted. The judgment of this case, how- 
ever, is rendered difficult by the simultaneous 
exposure to phosphorus chloride. 

Glomme and Lundgren !° have published 
a preliminary report of clinical experiences 
concerning chlorine dioxide hazards. 
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conjunctivitis, 


Experimental Investigations —Animal ex- 
periments have been reported by Taylor et 
al.,1! who in experiments with guinea pigs 
found that chlorine dioxide concentrations 
of 150 ppm were fatal in one-half to one 
hour. The animals survived exposure to 
45 ppm during one hour and to 14 to 17 
ppm during six hours. 

Hecht '* has carried out fairly extensive 
experiments with rabbits, guinea pigs, rats, 
and mice. He has only investigated the 
effect of single exposures to concentrations 
from about 10 ppm to 70 ppm. 


After exposure to 70 ppm rabbits died 
after one-half hour and mice died during 
the following night, whereas guinea pigs and 
rats survived the experiments in spite of 
pronounced difficulty in breathing. On ex- 
posure to a concentration of 35 ppm during 
6 hours, rabbits died during the course of 
the following 24 hours, guinea pigs survived 
the experiment in spite of severe breathing 
difficulties and the majority of the rats and 
mice died during the following 3 days. 


All the animals survived exposure to about 
20 ppm during two hours. Guinea pigs and 
rabbits showed breathing difficulties, whereas 
rats and mice were unaffected. Breathing 
difficulties could also be observed at about 
10 ppm within one hour, especially in the 
case of rabbits. 

Haller and Northgraves’* have shown 
with guinea pigs that after exposure to 150 
ppm the animals survive 5 to 15 minutes, 
whereas an animal which was exposed dur- 
ing 44 minutes died in gas. At 1000 ppm 
a guinea pig died after removal from ex- 
posure lasting only three minutes. The 
animal survived a gradually increasing ex- 
posure of 0.5 to 17 ppm during an average 
of five hours a day in one week, but it died 
after later exposure to concentrations up 
to 350 ppm. 

In one experiment, rats were given water 
with 10 ppm chlorine dioxide as their only 
drinking water during two years. No dif- 
ference in relation to a control group could 
be observed as regards either general con- 
dition or mortality. Rats which in the same 
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way were given water containing 100 ppm 
chlorine dioxide showed, towards the end of 
the two-year period, a higher mortality com- 
pared with the control group. 

Dalhamn ™* has investigated the effect on 
rats. In his experiments the animal survived 
three exposures to concentrations of 800 to 
3400 ppm during three minutes at intervals 
of one week. At approximately 260 ppm, 
four out of five rats survived but died after 
removal from gas. In a long-term experi- 
ment with exposure to about 10 ppm for 
4 hours daily the animals died after 10 to 
13 days. At 0.1 ppm no effect could be 
observed. 


Present Investigations 


During 1953-1955 a number of workers 
at a large factory for the production of 
sulphite cellulose were examined. The in- 
vestigation covered personnel engaged in 
the chlorine- and chlorine-dioxide-producing 
sections and the bleaching section. The clini- 
cal investigation consisted of comprehensive 
control about two years after the work on 
ClOz had begun and a similar control after 
a further two years. 

Technical Investigations —Manufacture 
of Chlorine Dioxide: The methods used 
industrially for the production of chlorine 
dioxide are all based on the principle that, 
in the presence of an acid, chlorate is re- 
duced via chloric acid to chlorine dioxide.'® 

In certain methods of producing bleaching 
agents the reaction proceeds further, with 


the formation of chlorites by addition of 
alkali : 


acid alkali 
chlorate chlorine chlorite 
dioxide 
reduction reduction 


The method used at the factory in ques- 
tion can be represented for practical pur- 
poses by the following formula: 

HSO«+2 ClO. 

The chlorine dioxide is produced by 
causing sulfur dioxide to reduce sodium 
chlorate in an acid solution. The reaction 
takes place in closed reaction towers of 
ceramic material in which the liquid is 
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pumped round with the aid of the gas in 
accordance with the “mammoth” principle. 
The reaction solution contains about 3 
moles/liter NaClOs and 7 gm-equiv./liter 
H2SO,4. The process takes place at a temp- 
erature of about 30 C. The pressure in the 
system is subatmospheric. Combustion gases 
with 10% to 15% SOs from a sulfur oven 
are introduced in the base of the reaction 
tower below a number of circulation pipes. 
The sulfur dioxide reduces the chlorate by 
forming chlorine dioxide and small quanti- 
ties of hydrochloric acid and free chlorine. 

The chlorine dioxide production is con- 
trolled with the aid of the quantity of 
induced SOs. When all the chlorate has 
been consumed, the chlorine dioxide in the 
residual solution is reduced by a surplus of 
sulfur dioxide so that the chlorine dioxide 
shall not escape into the works premises. 

The chlorine dioxide so developed is in- 
troduced into the base of an absorption 
tower, where it is absorbed in counterflow- 
ing cold water. The chlorine dioxide losses 
in the outgoing gases are less than 1%, 
but in order to avoid polluting the air in the 
vicinity in times of unfavorable winds, an 
extra absorption tewer has been added in 
which the chlorine is absorbed in limewater 
until none remains. After this absorption 
tower there is a fan which produces the 
slight vacuum in all the apparatus and cis- 
terns which contain chlorine dioxide. In 
this way it is possible to prevent the chlorine 
dioxide passing out into the factory prem- 
ises. 

The chlorine dioxide from the absorption 
tower is gathered in containers and pumped 
therefrom to the bleaching section. 

The most serious possibilities of exposure 
arise in case of technical faults, e. g., over- 
dosing of sodium chlorate, too high tempera- 
ture in the reaction tower, too low a level, 
or development of a leak. 

Bleaching: The bleaching also takes place 
in a closed system. The pulp it treated with, 
inter alia, chlorine and chlorine dioxide. 

Exposure to chlorine dioxide can occur 
here through, for example, faulty washers 
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on the mixer which mixes the pulp, steam, 
and chlorine dioxide solution before the 
bleaching tower. 

It may also occur if the quantity of pulp 
suddenly diminishes and the quantity of 
steam is not adapted thereto. As a result 
of these the temperature rises, the pressure 
in the bleaching tower consequently rises 
also, and the chlorine dioxide can escape. 

Immediately after the bleaching tower 
sulfur dioxide is led into the solution in 
order to destroy the remaining chlorine 
dioxide. If this inflow stops, chlorine diox- 
ide can escape into the works premises. 

Atmospheric Concentrations: No con- 
tinuous analyses from the works premises 
of the content of chlorine and chlorine diox- 
ide have been made. Spot samples under 
ordinary working conditions are carried out 
to some extent with the method given by 
Giertz #® for chlorine dioxide (the Swedish 
National Institute for Public Health). These 
have shown concentrations lower than 0.1 
ppm, which means that the closed system 
with a vacuum functions _ satisfactorily. 
Contents of chlorine measured simultane- 
ously amounted to about 0.1 ppm. We have 
no information as to the concentrations 
which have occurred or may be expected in 
connection with “puffs” occasioned by the 
above-mentioned technical faults. 

Clinical Investigations—In the industry 
in question chlorine dioxide has been used 
as a bleaching agent since 1951. In practice 
there is seldom exposure to chlorine dioxide 
alone. As a rule there is simultaneous ex- 
posure to a small quantity of chlorine and, 
rarely, also to sulfur dioxide. 

The investigations here reported concern 
only men whose main symptoms appeared 
after they began to work with chlorine 
dioxide. All 12 had had acute symptoms on 
a varying number of occasions, and in 
several cases these episodes had led to 
absence from work for 1 to 10 days. 

A careful inquiry was made into the 
medical and occupational history. Most of 
the symptoms derived from the respiratory 
tract. As Henderson and Haggard 17 (1927) 
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pointed out, ClOz is a primary irritant gas, 
and consequently acute bronchitis may be 
expected when exposure has been severe. 
Our main interest, however, was in the 
possible after-effects of repeated single or 
mild continuous exposure in regard to con- 
ditions such as chronic bronchitis with or 
without emphysema. 

The investigation comprised routine clinical ex- 
amination; roentgenographic study of the sinuses, 
lungs, and heart; electrocardiograms (ECG); 
function tests with a cycle ergometer, using loads 
from 300 to 1200 kg/meter per minute and with 
simultaneous tracing of pulse and respiration fre- 
quency and ECG (Sjostrand™® and Wahlund”) ; 
bronchoscopy with biopsy of the bronchial mucosa 
and culture of any bronchial secretion, and spi- 
rometry, including determination of vital capacity 
(VC), total capacity (TLC), residual lung volume 

(RV), and RY. x100, and ERY X100. 

Bronchoscopy with biopsy revealed 
chronic bronchitis in about half the men 
examined. Physical signs were absent except 
in two men with acute exposure shortly 
before the examination. In most cases the 
findings were similar in 1953 and in 1955. 
In one (Case 1) an earlier-observed bron- 
chitis disappeared, indicating that improved 
working conditions may entail reversal of 
this disorder, 


Case 1.—Examination 1953: The patient was a 
38-year-old cellulose worker who had not pre- 
viously been exposed to industrial gas. For the 
preceding two years he had been engaged on filter 
maintenance. During this period exposure to 
chlorine gas generally had been minimal and was 
not associated with ill-health. On four occasions, 
however, leakage of chlorine dioxide occurred and 
as a result the man had pronounced dyspnea and 
severe, irritating cough. On one of these occasions 
he had had severe nocturnal orthopnea and was 
absent from work for 10 days, and for about a 
month he complained of wheezing and dyspnea of 
effort. There was no increased susceptibility to 
respiratory-tract infection. Two days before ex- 
amination acute exposure to chlorine dioxide had 
resulted in slight irritating cough and dyspnea. 

Physical examination revealed nothing pathologic. 
The blood pressure was 145/85 mm. Hg, and the 
erythrocyte sedimentation rate was 5 mm. The 
roentgenograms of the sinuses, lungs, and heart 
were normal. Bronchoscopy showed a somewhat 
thickened carina with reddened, thick mucous 
membrane and poor mobility. The mucosa in both 
main bronchi and in the lower branches was red- 
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dened and somewhat swollen. The following 
spirometric findings were recorded: VC 4.65 liters, 


RV 
TLC 6.18 liters. Relative value TLO To 


Relative value ree X<100—=42%. ECG with func- 
tional test, normal. 

Examination 1955: The man was still in his 
old job. The working conditions had been im- 
proved, however, and there was less leakage of 
gas. The dyspnea of effort was increased as com- 
pared with 1953. The findings were the same as in 
1953, except that the appearance of the bronchi had 
become normal. Spirometry showed VC 4.47 liters, 


TLC 6.14 liters. Relative value Y_y<100—27%. 
FRV 


TLC 
Relative value TH CX 1W=49%. ECG with func- 


tional test, normal. 

In one of the workers (Case 2) who was 
transferred to a nonexposed job about half 
a year before the second examination, the 
signs of bronchitis persisted but the spirom- 
etry results were better. This indicates that 
the bronchitis may be chronic, caused either 
by the chlorine dioxide or by another fac- 
tor (e. g., infection). 


Case 2.—Examination 1953: A 32-year-old cellu- 
lose worker, who had had no previous exposure to 
gas at work, had been engaged on filter mainte- 
nance for two years and had been exposed to 
chlorine and chlorine dioxide and on four or five 
occasions had inhaled chlorine dioxide in large 
quantities. In connection with this there were 
acute discomfort for about a week from irritant 
cough, dyspnea, and chest wheezing; insignificant 
expectorate, and feeling of nausea and headache. 
During the last year the working conditions had 
worsened through leakage, and he complained of 
increased dyspnea of effort and increased discom- 
fort on exposure to gas. There was no increase of 
susceptibility to respiratory-tract infections. 


Physical examination revealed nothing pathologic. 
The blood pressure was 150/100, and the erythro- 
cyte sedimentation rate was 3 mm. Roentgeno- 
grams of the sinuses, lungs, and heart were normal. 
Bronchoscopy showed trachea slightly reddened, 
with thickening of mucous membrane without in- 
creased secretion. Carina moved well but was 
somewhat broadened. In the main bronchi and 
the lower branches the swelling and reddening of 
the mucosa was diminishing. Biopsy showed 
chronic nonspecific bronchitis. On a culture of se- 
cretion from the bronchi there was slight growth of 
a-hemolyzing streptococci and Staphylococcus albus. 
The following spirometric findings were recorded : 
VC 5.78 liters, TLC 8.10 liters. Relative value 


Glomme—Lundgren 


Rx 100=29%. Relative value 
ECG with functional test, normal. 

Examination 1955: Since the preceding examina- 
tion the man had worked in the bleaching depart- 
ment until seven months before the present 
examination. He was afterward employed in the 
sulfite department, with minimal gas exposure, 
because of respiratory troubles. He felt consider- 
ably better after this transfer. The findings were 
mainly the same as in 1953. Bronchoscopy: There 
was no increased secretion; mucous membrane in 
the whole bronchial tree was slightly hyperplastic, 
this being especially pronounced in left primary 
bronchus, where the mucosa was also slightly red- 
dened. Biopsy showed nonspecific inflammatory 
changes. At culture of bronchial secretion there 
was slight growth of a-hemolyzing streptococci. 
Spirometry showed VC 5.35 liters, TLC 6.51 liters. 
R 


100=18%, relative value 


X< 100=42%. ECG with functional test, normal. 


FRV 
=52%. 
52% 


Relative value 


FRV 
TLE 

As an example of the results of an acute 
exposure, the following case may be re- 
ferred to. 


Case 3.—A 29-year-old cellulose worker had had 
no exposure to gas before the actual employment 
in the bleaching department during the previous 
four years. In connection with leakage he had 
been exposed to chlorine dioxide on several oc- 
casions, but he had never been absent with sickness 
because of such exposure. In connection with 
these exposures he had had short-term discomfort 
from cough, dyspnea, and chest wheezing. A few 
days before examination the man had been acutely 
exposed to ClO, and still had dry cough. 

Examination 1955: On physical examination 
there were scattered sibilant- ronchr which dis- 
appeared in a couple of days. Erythrocyte sedi- 
mentation rate was 2 mm. Roentgenograms of the 
sinuses showed thickening of mucosa at base of 
right maxillar sinus. Roentgenograms of the lungs 
and heart were normal. Bronchoscopy (after dis- 
appearance of the acute bronchitic signs) showed 
in the trachea a slight hyperplasia of the mucous 
membrane. Bronchial tree was otherwise normal. 
Biopsy specimen from bronchial mucosa showed a 
moderate nonspecific inflammation. The spirometric 
findings were VC 5.46 liters, TLC 7.49 liters. 


Relative value BYX100=27%. Relative value 


ERY X100=55%. ECG with functional test, normal. 


Comment 


During the last 10 to 20 years chlorine 
dioxide has been used, in industry on a 
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greatly increased scale and owing to its posure. The workers considered that they 
excellent qualities it may be expected that could distinguish without difficulty between 


the field of use will widen still further. chlorine and chlorine dioxide by the smell. 
The present investigation has shown that, 


in the factory concerned, only minimal con- 
centrations of chlorine dioxide and chlorine 
arise in the working premises under normal 
production conditions. This is due to the 
fact that the process takes place in a closed 
system with a powerful vacuum. All the 
workers asserted that perceptible discomfort : ; 2 
occurred in connection with acute exposure The —s results of the aperometrec 
by leakage, etc. The principal discomforts examination are represented in the Figure, 
were breathlessness, wheezing, and irritant where the relative value RV 00 Is shown. 


cough. In certain cases there were troubles : TLC a 
from the eyes, inter alia, in the form of The cases with established slight bronchitis 


conjunctivitis and halo phenomena. With ‘®*™ to show a tendency to a raised quota 
severer exposure there was also a general (RVX 100) in Che wie 
feeling of sickness, in some cases vomiting TLC 

and diarrhea. It was generally considered bronchitis, and a control group consisting of 
by the personnel that the troubles arising 200 wood-industry workers, aged 20 to 65 
from chlorine dioxide exposure persisted years.”” The series examined is too small 
longer than those arising from chlorine ex- to allow of any definite judgments con- 


100 


45. 


The clinical investigation showed that in 
7 of the 12 cases there was a slight non- 
specific bronchitis found by bronchoscopy 
and biopsy. In none of the cases did func- 
tional examination give ground for assum- 
ing a decline in working capacity in relation 
to age. 


20 3s 30 3s 40 45 50 55 60 65 age years 
Spirometry results in relation to age for workers exposed to chlorine dioxide at the first 
examination ( 3955). RV, residual lung volume; TLC, total lung capacity; continuous line, 
the relative value 7 >¢@X100 in a normal population of 200 wood-factory workers; broken 
line indicates +1lo; A, cases with signs of bronchitis; ©, cases without signs of bronchitis. 
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cerning this matter. Moreover, as there is 
no control material investigated by cor- 
responding bronchoscopical examination, the 
extent of occurrence of bronchitis diag- 
nosed in this way in persons who have not 
been exposed in this manner is not known. 
Comparison with similarly examined groups 
of workers exposed to ammonia, sulfur 
dioxide, and chlorine examined at our de- 
partment shows, however, roughly the same 
frequency of bronchial changes. 

The results of spirometric examination 
make it necessary that attention should be 
directed to the possibility of a similar slight 
decline in lung function in workers exposed 
to irritant gases. This may only appear in 
group investigations, as the changes in in- 
dividual cases mostly are within normal 
limits. 

In a fairly large group of smelting work- 
ers exposed to irritant gases, mainly SO, 
and AssOx, and examined in the same way, 
there was found an_ increased 


——-X }()() in connection with bronchitis.”°*! 


TLE 


Examination at intervals of two years, 
however, has shown that the bronchitis of 
the chlorine-dioxide-exposed workers has 
not progressed, nor has the susceptibility 
to infections increased. 


The mode of action of ClOz is, however, 
not quite clear.2* Complaints that general 
condition following chlorine dioxide ex- 
posure is worse than that after exposure to 
other irritant gases, as well as the gastro- 
intestinal troubles, may be connected with 
the irritant effect of the gas. A resorptive 
effect may also come into question. No 
definite reasons for believing that this is the 
case have been revealed in this investigation. 
Symptoms from the central nervous system, 
such as are indicated by Berg® and Rist 
and Ebert? have not been observed in this 
material. 


quota 


According to Vincent et al.,7* 15 ppm is 
the threshold where ClO: is noticed and it 
is only at 45 ppm that it has an irritant 
effect. These are remarkably high concen- 
trations. If these values are correct, ClO: 
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would represent a health hazard, since it is 
first noticed at concentrations which produce 
pronounced symptoms from the respiratory 
tract. Elkins * reports that 5 ppm was found 
to be definitely irritating and 19 ppm prob- 
ably exceeded the concentration causing the 
death of one worker. 


The maximum acceptable concentration 
for ClO is very seldom stated. Elkins * 
gives 1 ppm, and the same value is sug- 
gested by Sax ** (who also states that a 
concentration of 500 ppm was found to be 
definitely irritating!). Dalhamn ™ proposes 
0.1 ppm. 

As has been mentioned above, it is prob- 
ably not the concentrations generally occur- 
ring during the working day which play the 
decisive role from the health point of view 
during the exposure conditions normal at 
pulp mills, ete., but the occurrence of short- 
term high concentrations occasioned by 
technical faults. Our investigations does not 
permit of a conclusion regarding the maxi- 
mum acceptable concentration. 


Summary 


The results are reported of clinical and 
industrial hygiene investigations at a cellu- 
lose factory where exposure to chlorine diox- 
ide had occurred. 


Technical investigations showed low con- 
centrations (<0.1 ppm) under ordinary 
working conditions. Higher concentrations 
occurred in connection with technical faults, 
e. g., leakage. Severe troubles arose only 
in connection with the latter. 

Symptoms and signs were irritation from 
the respiratory organs and the eyes, and in 
certain cases from the gastrointestinal tract 
also. No indications of cerebral effect could 
be shown. 

Extensive investigations, comprising, in- 
ter alia, roentgenograms of the sinuses, 
lungs, and heart; bronchoscopy with biopsy 
of bronchial mucous membrane; spirometry, 
and functional tests, showed the occurrence 
of slight bronchitis in 7 of 12 workers ex- 
posed to chlorine dioxide. The possibility 
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of slight emphysema in connection with this 
is discussed. 

The investigation does not allow of a 
closer estimation of a threshold limit for 
chlorine dioxide. From the case histories 


it seems that the acute exposures probably 
play the most important part from a medical 
viewpoint. 


Division of Occupational Medicine, Karolinska 
Sjukhuset. 
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News and Comment 


ANNOUNCEMENTS 


Appointment for Mr. J. Fred Keppler—<A. C. Offutt, M.D., State Health Commis- 
sioner, Indiana State Board of Health, has announced the recent appointment of J. Fred 
Keppler, B.S.Ch.E., as director of the Division of Industrial Hygiene, Indiana State Board 
of Health. 

Mr. Keppler succeeds Louis W. Spolyar, M.D., in this post, Dr. Spolyar having assumed 
the directorship of the Bureau of Preventive Medicine at the Board of Health. 

A native of Muncie, Ind., Mr. Keppler has been with the Board of Health since 1938 and 
was instrumental in establishing an industrial hygiene laboratory for the official health agency. 
He has served as assistant sanitary engineer at the Board of Health, and following this he 
attended the Harvard University Graduate School of Engineering from January to June, 
1940. His experience includes employment as a Junior Metallurgist at U. S. Steel Corporation, 
Gary Sheet and Tin Mills. 


Committee on Industrial Ophthalmology.—The Council on Industrial Health, Ameri- 
can Medical Association, is pleased to announce the completion of its new Committee on 
Industrial Ophthalmology. Members of the Committee are 

Edmund B. Spaeth, M.D., Chairman Philadelphia 
Edmund L. Cooper, M.D. Detroit 
Franklin M. Foote, M.D. New York 
Ralph S. McLaughlin, M.D. Laconia, N. H. 
Joseph F. Novak, M.D. Pittsburgh 
Ralph W. Ryan, M.D. Morgantown, W. Va. 

The first meeting of the Committee was held in New York City, June 7, in conjunction 

with the Annual Meeting of the American Medical Association. 


Proceedings of the Health Physics Society—The Proceedings of the First Annual 
Meeting of the Health Physics Society are now being printed. They will be distributed 
without charge to members of the Society and others who registered for the Conference, 
held at the University of Michigan, June 25-27, 1956. Others desiring to purchase copies may 
do so by sending a check or money order for $3 for each copy ordered to C. C. Palmiter, 


Radiation Control Service, School of Public Health, University of Michigan, Ann Arbor, 
Mich. 
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Books 


BOOK REVIEWS 


Allergic Dermatoses Due to Physical Agents. Edited by Rudolf L. Baer, M.D. Price, 


$3.00. Pp. 110, with 3 illustrations. J. B. Lippincott Company, 227-231 S. Sixth St., 
Philadelphia 5, 1957. 


This book is a collection of papers by men of much experience and repute in the field of 
allergy and dermatology, and is edited by Rudolf L. Baer. Though brief, it is an excellent 
review of the allergic dermatoses due to physical agents. It differentiates hypersensitivity on 
an allergic base and the reaction of the skin due to nonallergic sensitization. Enough back- 
ground is given to arouse interest in more research into the casual mechanism of these derma- 
toses; yet the book is very practical from a diagnostic and therapeutic standpoint. 

The physical agents considered in detail are trauma, light, heat, and cold. In each instance 
the theoretical background is developed; the immunological mechanisms are considered; the 
typical skin lesions are described, and prevention and treatment are discussed with practical 
information given as to what has been found to be of most success in the author’s experience. 

An excellent bibliography is given after each presentation and the literature in the field 
is critically evaluated by the author. The index is complete and helpful. 

One of the thought-provoking questions discussed was “What are the actual allergenic sub- 
stances in cases of allergic hypersensitivity to physical agents?” It was noted that knowledge 
in the field of immunology was advancing rapidly, and the hope was expressed that means 
will be developed in the not far distant future for prevention of sensitization and for de- 
sensitization in those cases based on an allergic mechanism. 


JoserpH P. KESLER. 


Practical Dermatology. By Samuel M. Peck, B.S., M.D., and Laurence L. Palitz, M.D., 
Ph.D. Price, $7.00. Pp. 380. Landsberger Medical Books, Inc., distributed by 


Blakiston Company, (division of McGraw-Hill Book Company, Inc.), 330 W. 42d 
St., New York 36, 1956. 


This is an excellent book on dermatology for the practicing physician and for those who 
desire a brief but inclusive review in the field of dermatology. The book is well organized, 
a fact which makes it very complete in its coverage of the field and yet very readable. It 
has a good index and this coupled with the organization of the various skin conditions into 
etiologic groupings make reference to specific conditions quick and easy. 

No attempt was made by the authors to develop an extensive theoretical background for 
etiology, diagnosis, or treatment in the various dermatologic conditions. Nor was an attempt 
made to review the literature in the field or to give an exhaustive list of all methods of treat- 
ment for the various conditions. The authors give very concisely the method of making 
the diagnosis for each dermatologic condition. They discuss etiology and prevention and just 
as concisely they give methods of treatment that have been found to be successful in their 
extensive practice. The illustrations supplement the discussion admirably and are well chosen 
so that a clear, precise understanding of each condition with its treatment is possible. 

A general discussion on essential factors in history taking with helpful pointers on diag- 
nosis and management of the dermatologic patient is given. More discussion on the anatomy 
and physiology of the skin would have been helpful, but this is not a serious criticism since 
the book is written to be a very practical and concise text with its major emphasis on practical 
treatment in the field of dermatology. 


JoserpH P. Kester 
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RELIEVES PAIN 


Cool and soothing, Foille has an 
anesthetic effect on injured nerve 
endings, helps control shock. 


FOILLE AEROSOL SPRAY 
A 4-WAY BURN TREATMENT | 


Foille forms a soft pliable film, 
giving injured tissues a chance 
to heal quickly; reduces scarring. 


PROTECTS AGAINST 


Effective cleansing properties and 
antiseptic action work quickly, 
combat most surface bacteria. 


INSTANT AND RAPID 
APPLICATION 


Aerosol spray technique permits 
instant application to any size 
injury, any place on body. No 


applicators or swabs necessary. 


M-S-A FOILLE BURN KIT 
Contains four 10-0z. Foille Aero- 
sol Sprays, complete assortment 
of Type D First Aid dressings. 
All-Weather case. Easy to use. 


MINE SAFETY APPLIANCES CO. Write for complete details. 


201 N. Braddock Ave., Pittsburgh 8, Pa. 


At Your Service—82 Branch Offices in the United States and Canada *Benzyl alcohol—4%; benzocaine—2%; oxyquin- 


oline-—.20%; eugenol—.20%; sulphur=-.175%. 


A.M.A. SPECIALTY JOURNALS REACH THE CORE OF SPECIALIZED 
PRACTICE . . » Subscribe NOW to: 


A.M.A. Archives of INTERNAL MEDICINE 
A.M.A. Archives of PATHOLOGY 
A.M.A. Archives of OPHTHALMOLOGY 


Write to: 
THE AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street 
Chicago 10, Hlinois 
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Toxicology Studies for * 
Pharmaceutical, Pesticide, 


Industries (acute an 
Projects and Consultation. 
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information on other servic 
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AUTOMATIC 
CONSTANT 
FLOW 
CONTROL 


ADJUST- 
MENTS TO 
MAKE 


eNO DELICATE 
PARTS TO 
PROTECT 


*NO GAUGES 
TO WATCH 


M-S-A FIXT-FLO AIR SAMPLER 


Collects large samples of 
aerosol contaminants 


There’s no guesswork about the volume of air 
drawn through the filter of this modern sampler. 
An exclusive M-S-A automatic flow control 
feature eliminates the old problem of increased 
air flow resistance and reduced volume of air 
sampled because of material collecting on the 
filter. This automatic control holds a pre- 
determined flow rate constant within plus or 
minus 10%. Changes in supply voltage as well 
as filter resistance are automatically compen- 
sated. The sampler operates at nominal flow 
rates of 15, 30, and 50 cu. ft. per minute. 


Because accurate interpretation of data de- 
pends upon the knowledge of the volume of 
air drawn through the filter, this instrument is 
a vital contribution to industrial hygiene and 
air pollution personnel concerned with aerosol 
contaminants. The unit collects large samples 
on filters for weighing and analysis. It is easy 
to operate. It is compact (714” x 714” x 15”) 
and weighs only 1314 pounds. 

Complete information on operation, filters, 
and calibration is given in our bulletin. Write 
for a copy. 


MINE SAFETY APPLIANCES COMPANY 


SAFETY EQUIPMENT HEADQUARTERS 
m 


201 North Braddock Avenue, Pittsburgh 8, Pa. 


At Your Service, 82 Branch Offices 
in the United States and Canada 
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